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Oligonucleotides are provided which are targeted to nucleic acids encoding human raf and capable of inhibiting raf expression. In 
preferred embodiments, the oligonucleotides ire targeted to mRNA encoding human c-ref or human A-raf. The oligonucleotides may have 
chemical modifications at one or more positions and may be chimeric oligonucleotides. Methods of inhibiting the expression of human raf 
using oligonucleotides of the invention are also provided. The present invention further comprises methods of inhibiting hyperproiifcration 
of cells and methods of treating abnormal proliferative conditions which employ oligonucleotides of the invention. 
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Air? I SENSE OLIGONUCLEOTIDE MODULATION OP raf GENE EXPRESSION 

rIELD OF THE INVENTION 

This invention relate . uO compositions and methods for 
modulating expression of the-af gene, a naturally present 
5 cellular gene which has beer- implicated in abnormal cell 
nroliferation and tumor fori*-.'*' Lon . This invention is also 
directed to methods for inhibits hyperprolif eration of cells,- 
these methods can be used di-v?::ostically or therapeutically. 
Furthermore, this invention. • is directed to treatment of 
10 conditions associated with expression of the raf gene. 

BACKGROUND OP THE INVENTION 

Alterations in the cellular genes which directly or 
indirectly control cell growth and differentiation are 
considered to be the main cause of cancer. The raf gene family 
15 includes three highly conserved genes termed A- , B- and c-raf 
(also called raf-1) . Raf genes encode protein kinases that are 
thought to play important regulatory roles in signal 
transduction processes that regulate cell proliferation. 
Expression of the c-raf protein is believed to play a role in 
20 abnormal cell proliferation since it has been reported that 60% 
of all lung carcinoma cell lines express unusually high levels 
of c-raf mRNA and protein. Rapp et al. , The Oncogene Handbook, 
E.P. Reddy, A.M Skalka and T. Curran, eds . , Elsevier Science 
Publishers, New York, 1988, pp. 213-253. 
25 Oligonucleotides hava been employed as therapeutic 

moieties in the treatment of disease states in animals and man. 
For example, workers in the field have now identified 
antisense, triplex and other oligonucleotide compositions which 
are capable of modulating expression of genes implicated in 
30 viral, fungal and metabolic diseases. 

As examples, U. S. Patent 5,135,917, issued August 4, 
1992, provides antisense oligonucleotides that inhibit human 
interieukin-1 receptor expression* U.S. Parent 5. OS 9, 3 90, 
issued March 24, 1992 in the name of Gewircz et al., is 
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directed to antisense oligonucleotides complementary to the c- 
piyb oncogene and antisense oligonucleotide therapies for 
certain cancerous conditions, U.S. Patent 5, 087,617 , issued 
February 11, 1992.. provider methods for treating cancer 
5 patients with antisense oligonucleotides. U.S. Patent 
5.- 166,195 issued November 24 .. ;.992, provides oligonucleotide 
inhibitors of HIV, U.S. PaU'jt 5,004,810, issued April 2, 
1991, provides oligomers capable of hybridizing to herpes 
simplex virus Vmw65 mRNA ancV, s i nhibiting replication. U.S. 

10 Patent 5,194,428, issued Mar; r h 16, 1993, provides antisense 
oligonucleotides having antiviral activity against 
inf luenzavirus . U.S. Patent 4,806,463, issued February 21. 
1989.. provides antisense oligonucleotides and methods using 
them to inhibit HTLV-III replication. U.S. Patent 5.286,717 

15 (Cohen et al . } , issued February 15, 1994, is directed to a 
mixed linkage oligonucleotide phosphorothioates complementary 
to an oncogene; U.S. Patent 5,276,019 and U.S. Patent 
5,264,423 (Cohen et al.) are directed to phosphorothioate 
oligonucleotide analogs used to prevent replication of foreign 

20 nucleic acids in cells. Antisense oligonucleotides have been 
safely administered to humans and clinical trials of several 
antisense oligonucleotide drugs, targeted both to viral and 
cellular gene products, are presently underway. The 
phosphorothioate oligonucleotide, ISIS 2922, has been shown to 

25 be effective against cytomegalovirus retinitis in AIDS 
patients. BioWorld Today, April 29, 1994, p. 3. It is thus 
established that oligonucleotides can be useful therapeutic 
instrumentalities and can be configured to be useful in 
treatment regimes for treatment of cells and animal subjects, 

30 especially humans. 

Antisense oligonucleotide inhibition of gene 
expression has proven to be a useful tool in understanding the 
roles of raf genes. An antisense oligonucleotide complementary 
to the first six codons of human c-raf has been used to 

35 demonstrate that the mitogenic response of T cells to 
interleukin-2 (IL-2) requires c-raf. Cells treated with th?. 
oligonucleotide shoved a. near-total loss of c-raf protein and 
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h substantial reduction in proliferative response to IL-2. 
I^edel er. al., Eur. J. ImmuroJ . 1993, 23, 3146-3150. Rapp et 
have disclosed expression ictors containing a raf gene in 
riii antisense orientation dovm.^ y*am of a promoter, and methods 
S of inhibiting raf expression v expressing an antisense Raf 
crene or a mutated Raf gene in -ell . WO application 93/04170, 
An antisense oligodeoxyribonu -..tfotide complementary to codons 
1-6 of murine c-Raf has 't^en used to abolish insulin 
stimulation of DNA synthesis / 5 n the rat hepatoma cell line 

10 H4IIE, Tornkvist et al . , J Biol. Chem. 1994, 269, 13919- 
13921. WO Application 9;..r t Q6248 discloses methods for 
identifying an individual at increased risk of developing 
cancer and for determining a prognosis and proper treatment of 
patients afflicted with cancer comprising amplifying a region 

15 of the c-raf gene and analyzing it for evidence of mutation, 

Denner et al . disclose antisense polynucleotides 
hybridizing to the gene for raf, and processes using them. WO 
94/15645. Oligonucleotides hybridizing to human and rat raf 
sequences are disclosed. 

20 Iversen et al. disclose heterotypic antisense 

oligonucleotides complementary to raf which are able to kill 
ras-activated cancer cells, and methods of killing raf- 
activated cancer cells. Numerous oligonucleotide sequences are 
disclosed, none of which are actually antisense oligonucleotide 

25 sequences. 

There remains a long- felt need for improved 
compositions and methods for inhibiting raf gene expression. 

SUMMARY OP THE INVENTION 

The present invention provides oligonucleotides which 

3 0 are targeted to nucleic acids encoding human raf and are 
capable of inhibiting raf expression. The present invention 
also provides chimeric oligonucleotides targeted to nucleic 
acids encoding human raf. The oligonucleotides of the 
invention are believed to be useful both diagnostically and 

35 therapeutically, and are believed to be particularly useful 1m 
the methods of the present invention, 
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The present invention also comprises methods of 
inhibiting the expression of human raf, particularly the 
bnormal expression of raf. ~ese methods are believed to be 
.i.sftful both therapeutically cUagnostically as a consequence 
r-F. the assertion be v;£en raf expression and 
hyperprolif erat ion . These hods are also useful as tools., 
for example for detecting avc determining the role of raf 
expression in various eel:., functions and physiological 
processes and conditions for diagnosing conditions 

10 associated with raf expressic ^ 

The present inv^'ition also comprises methods of 
inhibiting hyperprolif eraticr of cells using oligonucleotides 
of the invention. These methods are believed to be useful, for 
example in diagnosing raf -associated cell hyperp^ rlif erat ion . 

IS Methods of treating abnormal proliferative conditions are also 
provided. These methods employ the oligonucleotides of the 
invention. These methods are believed to be useful both 
therapeutically and as clinical research and diagnostic tools - 

DESCRIPTION OP THE DRAWING 

20 Figure 1 is a line graph showing the effect of ISIS 

5132 (Figure 1A) and a scrambled control oligonucleotide ISIS 
10353 (Figure IB) on growth of A549 lung tumor xenografts in 
nude mice. ISIS 5132 decreased tumor size at all doses (0.006 
mg/kg; 0.06 mg/Jcg; 0.6 . mg/kg; and 6.0 mg/kg) in a dose- 

25 dependent manner. The scrambled raf oligonucleotide, ISIS 
10353, had no effect at any dose (Figure IB) , 

DETAILED DESCRIPTION OF THE INVENTION 

Malignant tumors develop through a series of stepwise, 
progressive changes that lead to the loss of growth control 

30 characteristic of cancer cells, i.e., continuous unregulated 
proliferation, the ability to invade surrounding tissues, and 
the ability to metastasize to different organ sites. Carefully 
controlled in vitro studies h^-/e helped define the factors that 
characterize the growth cf Ao...nal and neoplastic cell3 and br.ve 

35 led to the identification of specific proteins that control 



.j«3I growth and differentiation. The raf genes are rnerobers of 
&. ^e.-ifc family which encode re-Jated proteins termed A- , 3- and 
■vaf. Raf qenes code far hio ly conserved serine - chreonine - 
-pacific protein kinases, T. ..*.«« enzymes are differentially 
.xpressed; c-raf , che most ; thoroughly characterized, is 
expressed in all organs and j'-* all cell lines that have been 
examined. A- and B-raf are e:-# .messed in urogenital and brain 
tissues, respectively. c-r:-.r' protein kinase activity and 
subcellular distribution an regulated by mitogens via 

10 phosphorylation. Various grc^.h factors, including epidermal 
growth factor, acidic fibro .ast growth factor, platelet- 
derived growth factor, insulin,, granulocyte-macrophage colony- 
stimulating factor, interleukin-2 , interleukin-3 and 
erythropoietin, have been shown to induce phosphorylation of c- 

15 raf. Thus, c-raf is believed to play a fundamental role in the 
normal cellular signal transduction pathway, coupling a 
multitude of growth factors to their net effect, cellular 
proliferation. 

Certain abnormal proliferative conditions are believed 

2 0 to be associated with raf expression and are, therefore, 

believed to be responsive to inhibition of raf expression. 
Abnormally high levels of expression of the raf protein are 
also implicated in transformation and abnormal cell 
proliferation. These abnormal proliferative conditions are 
25 also believed to be responsive to inhibition of raf expression. 
Examples of abnormal proliferative conditions are 
hyperprolif erative disorders such as cancers, tumors, 
hyperplasias, pulmonary fibrosis, angiogenesis , psoriasis, 
atherosclerosis and smooth muscle cell proliferation in the 

3 0 blood vessels, such as stenosis or restenosis following 

angioplasty. The cellular signalling pathway of which raf is 
a part has also been implicated in inflammatory disorders 
characterized by T-cell proliferation (T-cell activation and 
growth) , such as tissue graft rejection, endotoxin shock, and 
3 5 glomerular nephritis, for example. 

It has now be&n tou-id that elimination ox rsaucuion 
of raf gene expression may halt or reverse abnormal cell 



^olixeration. This has beei. found -ven in when levels of raf 
•'.v.;rsflsj.on are net. abnorm-.i' 1 y high. There is a great desire to 
../..y/ids corvoosit.ions of which can modulate. the 

expression of the raf gene . is greatly desired to provide 

;> hods of detection of the ... f gene in cells, tissues and 
animals. It is also desired . :■ provide methods of diagnosis 
and treatment of abnormal preoperative conditions associated 
with abnormal raf gene exp: -. 3 ion. In addition, kits and 
reagents for detection and st My of the raf gene are desired. 

10 "Abnormal" raf gene expressic ■.* is defined herein as abnormally 
high levels of expression of 3-b.e raf protein, or any level of 
raf expression in an abnormal proliferative condition or state. 

The present invention employs oligonucleotides 
targeted to nucleic acids encoding raf. This relationship 

iS between an oligonucleotide and its complementary nucleic acid 
target to which it hybridizes is commonly referred to as 
'antisense" . "Targeting" an oligonucleotide to a chosen 
nucleic acid target, in the context of this invention, is a 
multistep process. The process usually begins with identifying 

20 a nucleic acid sequence whose function is to be modulated - 
This may be, as examples, a cellular gene (or mRNA made from 
the gene) whose expression is associated with a particular 
disease state, or a foreign nucleic acid from an infectious 
agent. In the present invention, the target is a nucleic acid 

2 5 encoding raf; in other words, the raf gene or mRNA expressed 
from the raf gene. The targeting process also includes 
determination of a site or sites within the nucleic acid 
sequence for the oligonucleotide interaction to occur such that 
the desired effect- modulation of gene expression- will result. 

30 Once the target site or sites have been identified, 
oligonucleotides are chosen which are sufficiently 
complementary to the target, i.e., hybridize sufficiently well 
and with sufficient specificity, to give the desired 
modulation . 

35 in the context of t his invention "modulation means 

either -inhibition or slimul ion . Inhibition of raf 
expression is presently t.he preferred form of modulation. This 



* : .J.i; lotion can ce measured in wayn which are routine in the 
ror rxample by Northern blot assay of mRNA expression or 
: /n; blot assay of prote expression as taught in che 
>\ -z.up'i *s of the instant * -.location. Effects on eel] 
vk c] if eration or tumor cell ;, r vwth can also be measured, as 
Uiucrtit in the examples the instant application. 

"Hybridization", in the cor;s>.<t of this invention, means 
hydrogen bonding, also knowiv./aa Watson- Crick base pairing, 
between complementary bases, — aally on opposite nucleic acid 
strands or two regions of a r.:^Ieic acid strand. Guanine and 
cytosine are examples of compi voentary bases which are known to 
form three hydrogen bonds between them. Adenine and thymine 
are examples of complementary bases which form two hydrogen 
bonds between them. "Specifically hybridizable" and 

" complementary" are terms which are used to indicate a 
sufficient degree of complementarity such that stable and 
specific binding occurs between the DNA or RNA target and the 
oligonucleotide. It is understood that an oligonucleotide need 
not be 100% complementary to its target nucleic acid sequence 
to be specifically hybridizable . An oligonucleotide is 
specifically hybridizable when binding of the oligonucleotide 
to the target interferes with the normal function of the target 
molecule to cause a loss of utility, and there is a sufficient 
degree of complementarity to avoid non-specific binding of the 
oligonucleotide to non-target sequences under conditions in 
which specific binding is desired, i.e., under physiological 
conditions in the case of in vivo assays or therapeutic 
treatment or, in the case of in vitro assays, under conditions 
in which the assays are conducted. 

In preferred embodiments of this invention, 
oligonucleotides are provided which are targeted to mRNA 
encoding c-raf and A-raf . In. accordance with this invention, 
persons of ordinary skill in the art will understand that mRNA 
includes not only the coding region which carries the 
information to encode a prote^ using the three letter genetic 
code, but also associated rir -nucleotides whi-rh form re«:r:Ior- 
Known to such persons as the :S' -untranslated region, the 3 



untranslated region, the 5' cap region, intron regions and 
■•nirr-n/exon or splice junction ribonucleotides. Thus., 
c \vc;omicleotides may be forim ^.f>d in. accordance with this 
...s'ventiop wnich are targeted v:ho.iiy or in part, to these 
5 associated ribonucleotides ..; well as to the coding 
ribonucleotides. In preferred /-bodiments , the oligonucleotide 
iS targeted to a translation vitiation site (AUG codon) or 
seauences in the 5'- or 3 ' -unt v,;./,slated region of the human c- 
raf mRNA. The functions of mes^-ager RNA to be interfered with 

10 include all vital functions suv ; ;:. as translocation of the RNA to 
the site for protein translatin ... actual translation of protein 
from the RNA, splicing or matn.^tion of the RNA and possibly 
even independent catalytic activity which may be engaged in by 
the RNA. The overall effect of such interference with the RNA 

15 function is to cause interference with raf protein expression. 

The present invention provides oligonucleotides for 
modulation of raf gene expression. Such oligonucleotides are 
targeted to nucleic acids encoding raf- Oligonucleotides and 
methods for modulation of c-raf and A-raf are presently 

20 preferred; however, compositions and methods for modulating 
expression of other forms of raf are also believed to have 
utility and are comprehended by this invention. As 
hereinbefore defined, "modulation" means either inhibition or 
stimulation. Inhibition of raf gene expression is presently 

25 the preferred form of modulation. 

In the context of this invention, the term 
"oligonucleotide" refers to an oligomer or polymer of 
nucleotide or nucleoside moromers consisting of naturally 
occurring bases, sugars and intersugar (backbone) linkages. 

30 The term "oligonucleotide" also includes oligomers comprising 
non-naturally occurring monomers, or portions thereof, which 
function similarly. Such modified or substituted 

oligonucleotides are often preferred over native forms because 
of properties such as, for example, enhanced cellular uptake 

3 5 and increased stability in the presence of nucleases* 

Certain preferred oligonucleotides of this invention 
are chimeric oligonucleotides. "Chimeric oligonucleotides" or 
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' chimeras" # in the contexr; of this invention, are 
loonuc) eotides which concaip two or more chemically distinct 
;*\ii^>x\& t each made up of a; least one nucleotide. These 
oligonucleotides typically .ain at least one region of 

i: ;!iodified nucleotides that v.'^-fers one or more beneficial 
properties (such as, for - : ; example, increased nuclease 
resistance, increased uptake v -.nto cells, increased binding 
affinity for the RNA target) '•'.v.? a region that is a substrate 
for RNase H cleavage. In one eferred embodiment, a chimeric 

0 oligonucleotide comprises at east one region modif ied to 
increase target binding affinXy, and, usually, a region that 
acts as a substrate for RNAse H. Affinity of an 
oligonucleotide for its target (in this case a nucleic acid 
encoding raf) is routinely determined by measuring the Tm of an 

5 oligonucleotide/target pair, which is the temperature at which 
the oligonucleotide and target dissociate; dissociation is 
detected spectrophotometrically . The higher the Tm, the 
greater the affinity of the oligonucleotide for the target. In 
a more preferred embodiment, the region of the oligonucleotide 

0 which is modified to increase raf mRNA binding affinity 
comprises at least one nucleotide modified at the 2' position 
of the sugar, most preferably a 2'-0-alkyl or 2'-fluoro- 
modified nucleotide. Such modifications are routinely 
incorporated into oligonucleotides and these oligonucleotides 

5 have been shown to have a higher Tm (i.e., higher target 
binding affinity) than 2 f -deoxyoligonucleotides against a given 
target. The effect of such increased affinity is to greatly 
enhance antisense oligonucleotide inhibition of raf gene 
expression. RNAse H is a cellular endonuclease that cleaves 

0 the RNA strand of RNArDNA duplexes; activation of this enzyme 
therefore results in cleavage of the RNA target, and thus can 
greatly enhance the efficiency of antisense inhibition. 
Cleavage of the RNA target can be routinely demonstrated by gel 
electrophoresis. In another preferred embodiment, the chimeric 

5 oligonucleotide is also modified to enhance nuclease 
resistance. Cells contain a variety of exo~ and endo-nucieases-s 
which can degrade nucleic acids. A number of nucleotide and 
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nucleoside modifications hav* been shown tc make r.he 
^nucleotide into which they are incorporated more resistant 
rv. : release digestion than native oligodeoxynucleotide . 

Nvclease. resistance is rou* -l .-Jy measured by incubating 
5 ribonucleotides with cellula* extracts or isolated nuclease 
solutions and measuring the e*:-?.snt of intact oligonucleotide 
remaining over time, usuaY.'v by gel electrophoresis. 
Oligonucleotides which have heua modified to enhance their 
nuclease resistance survive intact for a longer time than 

10 unmodified oligonucleotides. ?A variety of oligonucleotide 
modifications have been demonstrated to enhance or confet 
nucleaae resistance. Oligonucleotides which contain at least 
one phosphorothioate modification are presently more preferred. 
In some cases, oligonucleotide modifications which enhance 

15 target binding affinity are also, independently, able to 
enhance nuclease resistance. 

Specific examples of some preferred oligonucleotides 
envisioned for this invention may contain phosphorothioates , 
phosphotriesters, methyl phosphonates, short chain alkyl or 

20 cycloalkyl intersugar linkages or short chain heteroatomic or 
heterocyclic intersugar ("backbone") linkages. Most preferred 
are phosphorothioates and those with CH 2 -NH-0-CH 2 , CH 2 -N(CH 3 ) -O- 
CH 2 (known as the methylene (methylimino) or MMI baclcbone) , CH 2 - 
0-N(CH 3 ) -CH 2 , CH 2 -N(CH 3 ) -N(CH 3 ) -CH 2 and 0-N(CH 3 ) -CH 2 -CH 2 backbones 

25 (where phosphodiester is 0-P-0-CH 2 ) . Also preferred are 
oligonucleotides having morpholino backbone structures. 
Summerton, J.E. and Weller, D.D, , U.S. Patent No: 5,034,505. 
In other preferred embodiments, such as the protein-nucleic 
acid or peptide-nucleic acid (PNA) backbone, the phosphodiester 

3 0 backbone of the oligonucleotide may be replaced with a 
polyamide backbone, the bases being bound directly or 
indirectly to the aza nitrogen .atoms of the polyamide backbone. 
P.E. Nielsen, M. Egholm, R.H. Perg, 0. Buchardt, Science 1991, 
254, 1497. Other preferred oligonucleotides may contain alkyl 

35 and halogen- substituted sugar m.oieties comprising one of the 
following at the 2' position- 3K, SCH 3 , F. 0CN f 0CH 3 0r:H,, 

OCH 3 0(CH 2 ) n CH v 0(CH 2 i n ^ ox 0(CH./i r CH, where n is from 1 tc abovrc 
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-w. . to Cr. lower alky], substituted lower alkyl. alkaryl or 
n t Br: CN; CF,; OCF, ; 0- . S-. or N-alkyl; O- , S-, or 
, . . -nyl. SOCH3 ; S0 2 CH 3 ; ONO, . ^ 'C\,; N 3 ; NH 2 ; heterocycloalkyl ; 
V^icrocycioalScaryl ; amine..-/ '-ylamino; polyalkylami.no; 
^-■bLvr.ituted silyl; an RNA cie^. .\g group; a cholesteryl group; 
a. conjugate; a reporter grou;.^ an intercalator ; a group for 
,mproving the pharmacokinetic ;.-:v?ertie9 of an oligonucleotide; 
01.' a group for improving the r^rmacodynamic properties of an 
oligonucleotide and other ,r-uibstituents having similar 
properties. Oligonucleotides v;-v' also have sugar mimetics such 
as cyclobutyls in place of t :v; pentof uranosyl group. Other 
preferred embodiments may include at least one modified base 
form or "universal base" such as inosine. 

The oligonucleotides in accordance with this invention 
preferably are from about 8 to about 50 nucleotides in length. 
In the context of this invention it is understood that this 
encompasses non-naturaily occurring oligomers as hereinbefore 
described, having 8 to 50 monomers. 

The oligonucleotides used in accordance with this 
invention may be conveniently and routinely made through the 
well-known technique of solid phase synthesis. Equipment for 
such synthesis is sold by several vendors including Applied 
Biosystems. Any other means for such synthesis may also be 
employed; the actual synthesis of the oligonucleotides is well 
within the talents of the routineer. It is also well known to 
use similar techniques to prepare other oligonucleotides such 
as the phosphorothioates and alkylated derivatives. It is also 
well known to use similar techniques and commercially available 
modified amidites and controll-sd-pore glass (CPG) products such 
as biotin, fluorescein, acridir*a or psoralen-modif ied amidites 
and/or CPG (available from -Glen Research, Sterling VA) to 
synthesize f luorescently labeled, biotinylated or other 
modified oligonucleotides * Buch as cholesterol -modified 
oligonucleotides . 

It has now been foird that certain oligonucleotides 
targeted 1.0 portions zf. the c \af "iRNA arft particularly useful 
for inhibiting rat exposes. ion and 1:01 interfering with cell 
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hy^'vprolif eration , Methods for inhibiting c-raf expression 
uc.:>-r ? antisense oligonucleotides are.- likewise, useful for 
...■-- r:ering with cell hyperpr ' ; relation. In the methods of 
^ invent ion, tissues o: >~ cells are contacted with 
,,\ trinucleotides. In the ..'.text of this invention, to 
contact" tissues or cellsi sith an oligonucleotide or 
oligonucleotides means to add we oligonucleotide (s) , usually 
in a liquid carrier, to a ce... ; suspension or tissue sample, 
either in vitro or ex -v-o, or to administer the 
oligonucleotide (s) to cells o:< issues within an animal. 

For therapeutics, methods of inhibiting 
hyperproliferation of cells and methods of treating abnormal 
proliferative conditions are provided. The formulation of 
therapeutic compositions and their subsequent administration is 
15 believed to be within the skill in the art. In general, for 
therapeutics, a patient suspected of needing such therapy is 
qiven an oligonucleotide in accordance with the invention, 
commonly in a pharmaceutical^ acceptable carrier, in amounts 
and for periods which will vary depending upon the nature of 
the particular disease, its severity and the patient's overall 
condition. The pharmaceutical compositions of this invention 
may be administered in a number of ways depending upon whether 
local or systemic treatment is desired, and upon the area to be 
treated. Administration may be topical (including ophthalmic f 
vaginal, rectal, intranasal), oral, or parenteral, for example 
by intravenous drip, intravenous injection or subcutaneous, 
intraperitoneal or intramuscular injection. 

Formulations for toxical administration may include 
ointments, lotions, creams, ge?;s f drops, suppositories, sprays., 
liquids and powders. Conver. ; ional pharmaceutical carriers, 
aqueous, powder or oily bases., thickeners and the like may be 
necessary or desirable- Coated condoms, gloves and the like 

may also be useful. 

Compositions for oral administration include powders 

3 5 or granules, suspensions or solutions in water or nor*- aqueous 

media, capsules, sachets, or ; .Mets- Thickener*, flavorings, 

diluent.fi. emui-sixiei*, sispcraing aids or binders may be 



• 13 - 

■JrK * -/able . - 

Formulations for paren^ral administration may include 
1.9. .aqueous solutions v.-.-..b may also contain buffers, 
-^.nts and ether suitable .--.;-/: tives . 
7. in addition to such ■ "maceuticai carriers, cat ionic 

-..luide may be included in v formulation to facilitate 
igonucleotide uptake, 0\ such composition shown no 
facilitate uptake is Lipofecfc v (BRL, Bethesda MD) . 

Dosing is dependent : severity and responsiveness of 

10 the condition to be treated, , ; h course of treatment lasting 
from several days to several nv. ;hs or until a cure is effected 
or a diminution of disease state is achieved. Optimal dosing 
schedules can be calculated from measurements of drug 
accumulation in the body. Persons of ordinary skill can easily 

It- determine optimum dosages, dosing methodologies and repetition 
rates. Optimum dosages may vary depending on the relative 
potency of individual oligonucleotides, and can generally be 
calculated based on ECSO's in in vitro and in vivo animal 
studies. For example, given the molecular weight of compound 

20 (derived from oligonucleotide sequence and chemical structure) 
and an effective dose such as an IC50, for example (derived 
experimentally) , a dose in mg/kg is routinely calculated. 

The present invention is also suitable for diagnosing 
abnormal proliferative states in tissue or other samples from 

25 patients suspected of having a hyperprolif erative disease such 
as cancer.. psoriasis or blood vessel restenosis or 
atherosclerosis. The ability of the oligonucleotides of the 
present invention to inhibit c > 1 proliferation may be employed 
to diagnose such states. A m..;-ber of assays may be formulated 

3 0 employing the present invent on, which assays will commonly 
comprise contacting a tissue eauiple with an oligonucleotide of 
the invention under conditio?-;- selected to permit detection 
and, usually, quantitation of 'uch inhibition. Similarly, the 
present invention can be use : to distinguish raf -associated 

3 5 tumors from tumors having oth c etiologies, in order that 
»»f f ieac iou.v treatment >\*.iiirot* r, be designed. 
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used research purposes . Thu*. tne specific hybridisation 

pvh;;;r«d by the oiigonucleoi:iO.-.' be used for assays. 

virions, cellular produc 'reparations and in other 
m*c.\c..-Jcuogies which may be appr- * by persons of ordinary 

■zU • ' \r\ the art . ; 

The oligonucleotides ol ; ne invention are also useful 

U.i detection and diagnosis of expression. For example, 

radiolabeled oligonucleotides ci-rr be prepared by "P labeling 
af L-he 5' end with polynucleot: : , kinase. Sambrook et al... 
Molecular Cloning, A Laboratory Manual , Cold Spring Harboi 
Laboratory Press, 1989. Volume p. 10.59. Radiolabeled 

oligonucleotides are then contacted with tissue or cell samples 
suspected of raf expression and the sample is washed to remove 
unbound oligonucleotide. Radioactivity remaining in the sample 
iudxcates bound oligonucleotide (which in turn indicates the 
presence of raf) and can be quantitated using a scintillation 
counter or other routine means. Radiolabeled oligc can also be 
used to perform autoradiography of tissues to determine the 
localization, distribution and quantitation of raf expression 
for research, diagnostic or therapeutic purposes. In such 
studies, tissue sections are treated with radiolabeled 
oligonucleotide and washed as described above, then exposed to 
photographic emulsion according to routine autoradiography 
procedures. The emulsion, when developed, yields an image of 
silver grains over the regions expressing raf. Quantitation of 
the silver grains permits raf expression to be detected. 

Analogous assays for fluorescent detection of raf 
expression can be developed using oligonucleotides of the 
invention which are conjugate -: with fluorescein or other 
fluorescent tag instead of radi^Iabeling . Such conjugations 
are routinely accomplished during solid phase synthesis using 
f luorescently labeled amiditesr or CPG (e.g., fluorescein - 
labeled amidites and CPG availab**? from Glen Research, Sterling 
VA. See 1993 Catalog of Presets for DNA Research., Glen 
Research, Sterling VA, p. 21) . 

E3ch oi th-F.se asrf*y is knov;n \r> tix* arr. Or..* 

of skill could easily aaapt chfcse ivv.wo rrssays for riecectio:") oi 



ra-. 



y.-«ssion ir» accordance *i*:h che teachings of the 
: -.rovid\ou "i nove: and '.«ef.;a means to detect, raf 



O 1 : ^, t aeotide inhibition of l -v £ expression 

The oligonucleotides s&.vp in Table 1 were designed 
the Genbank c-raf sequc^ k HUMRAFR (Genbank listing 
XG34&4), synthesized and tested ;-;r inhibition of c-raf mRNA 
expression in T24 bladder carcin cells using a Northern blot 
assay. All are oligodeoxynuc? . -ides with phosphorothioate 
backbones . 

Table 1 

Human c-raf Kinase Antigens** Oligonucleotides 



Isis # Sequence (5 # -+ 3') 



5000 

5074 

5075 

5076 

5097 

5098 

5131 

5132 

5133 

5148 

5149 

6721 

6722 

6731 

6723 

7825 

7826 

7827 

7828 

7848 

7849 

7847 

3034 

8094 



TGAAGGTGAGCTGGAGCCAT 

GCTCCATTGATGCAGCTTAA 

CCCTGTATGTGCTCCATTGA 

GGTGCAAAGTQAACTAGAAG 

ATTCTTAAACCTGAGGGAGC 

GATGCAGCTTAAACAATTCT 

CAGCACTGCAAATGGCTTCC 

TCCCGCCTGTGACATGCATT 

GCCGAGTGCCTTGCCTGGAA 

AGAGATGCAGCTGGAGCCAT 

AGGTGAAGGCCTGGAGCCAT 

GTCTGGCGCTGCACCACTCT 

CTGATTTCCAAAATCCCATG 

CTGGGCTGTTTGGTGCCTTA 

TCAGGGCTGGACTGCCTGCT 

GGTGAGGGAGCGGGAGGCGG 

CGCTCCTCCTCCCCGCGGCG 

TTCGGCGGCAGCTTCTCGCC 

GCCGCCCCAACGTCCTGTCG 

TCCTCCTCCCCGCGGCGGGT 

CTCGCCCGCTCCTCCTCCCC 

CTGGCTTCTCCTCCTCCCCT 

CGGGAGGCGGTCACATTCGG 

TCTGGCGCTGCACCACTCTC 



Site 


SEQ ID NO: 


Coding 


1 


AUG 


2 


AUG 


3 


STOP 


4 


5'UTR 


o 


5'UTR 


6 


3'UTR 


7 


3'UTR 


8 


3 'UTR 


9 


Coding 


10 


Coding 


11 


3'UTR 


12 


3'UTR 


13 


3'UTR 


14 


3'UTR 


15 


5'UTR 


16 


5'UTR 


17 


5'UTR 


IB 


5'UTR 


19 


5'UTR 


20 


5'UTR 


21 


3'UTR 


22 


5 ' UTR 


23 


3 'UTR 


24 



In a first round sc ;«-;en of oligonucleotides 3i 
concentrations of .100 nM or nM, oligonucleotides r,&74 

5075 5132. r-o>4 tK2&, ! 8a1 V B?8 snowed *t le«sv: f;»0 

inhibition of c-raf - mRNA and tn&se oligonucleotides ar 



'AT? fr'Sf^^o; 
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uhe^rr- • preferred. O'iigcnucl w.ides 5132 and 7S26 'SEC ID 

:T - . ^ nt 3 5eq id NO: 3 7) showed greater than about. 90% 

-; r , ■ v mV; and are more preff. /. In additional assays, 

u;. .--jl act ides 6721, 7848, 78. y. ,\d 3094 decreased c-raf cnRDTA 

, by greater than 50V. T - r * -. oligonucleotides are also 
O'-- f erred. Of these, 7647 (SEQ V £0: 22) showed greater-* than 

ateut 90% inhibition of c-raf .-■/.-* and is more preferred. 

Specificity of ISIS 5132 for ra * 

Specificity of ISIS 5132 -,r raf mRNA was demonstrated 
bv a Northern blot assay in wr this oligonucleotide was 
tested for the ability to inhibit Ha-ras mRNA as well as c-raf 
mRNA in T24 cells. Ha-ras is a cellular oncogene which is 
implicated in transformation and tumorigenesis . ISIS 5132 was 
shown to abolish c-raf mRNA almost completely with no effect on 
15 Ha-ras mRNA levels. 

2 '-modified oligonucleotides 

Certain of these oligonucleotides were synthesized with 
either phosphodiester (P=0) or phosphorothioate (P=3) backbones 
and were also uniformly substituted at the 2' position of the 
2 0 sugar with either a 2' -0-methyl, 2'-0-propyl, or 2'~fluoro 
group. Oligonucleotides are shown in Table 2. 



WO 95/32*37 



j. 



5 



10 



15 



2 0 



25 



5 t ..' 

76/^ 

7830 

7831 

7832 

7 63 3 

7634 

7d35 

7S36 

8035 

7837 

7836 

7839 

734 0 

7841 

784 2 

7843 

7844 

935 5 



.,V"o™ly 2' Sugar-modi fie \^:-ntf Oligonucleotides 
Sequence Site v -i-.di«. SEQ ID NO; 



. :C CG C CTGTG ACATGC ATT 
CGGGAGGCGGTCACATTCGG 
GGTGAGGGAGCGGGAGGCGG 
CGCTCCTCCTCCCCGCGGCG 
TTCGGCGGCAGCTTCTCGCC 
GCCGCCCCAACGTCCTGTCG 
ATTCTTAAACCTGAGGGAGC 
GATGCAGCTTAAACAATTCT 
GCTCCATTGATGCAGCTTAA 
CCCTGTATGTGCTCCATTGA 
CGGGAGGCGGTCACATTCGG 
GGTGAGGGAGCGGGAGG CGG 
CGCTCCTCCTCCCCGCGGCG 
TTCGGCGGCAGCTTCTCGCC 
GCCGCCCCAACGTCCTGTCG 
ATTCTTAAACCTGAGGGAGC 
GATGCAGCTTAAACAATTCT 
GCTCCATTGATGCAGCTTAA 
CCCTGTATGTGCTCCATTGA 
CGGGAGGCGGTCACATTCGG 



7 ' T V'-<-r 

J v • 


wMe/P=S 


8 


Z> J • 


J ')M^ /' P-* ^ 


2^ 


£ ' TTV - 




16 


b J . - 


OrlK / 2r — O 


1 7 


5'U f . v; 


OMe/P=S 


18 


5 ' IT' ' 


OMe/P=S 


19 


5 ' ir ■ 


OMe/P-S 
OMe/P-S 


5 


5'UT 


6 


AUG 


OMe/P«S 


2 


AUG 


OMe/P=S 


3 


5 ' DTK 


OPr/P=0 


23 


5 ' UTR 


OPr/P*0 


16 


5'UTR 


OPr/P=0 


17 


5 f UT R 


OPr/P=0 


18 


5 ' UTR 


OPr/P=0 


19 


5'UTR 


OPr/P=0 


5 


5'UTR 


OPr/P=0 


6 


AUG 


OPr/P»0 


2 


AUG 


OPr/P-0 


3 


5'UTR 


2'F/P^S 


23 



Oligonucleotides from Table 2 having uniform 2'O-methyl 
modifications and a phosphorothioate backbone were tested for 
ability to inhibit c-raf protein expression in T24 cells as 
determined by Western blot assay. Oligonucleotides 8033, 7834 
and 783 5 showed the greatest inhibition and are preferred. Of 
these, 8033 and 7834 are more preferred. 
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Chimeric oligonucleotides 

Chimeric oligonucleotides having SEQ ID NO-. 8 were 
prepared. These oligonucleotide aad central "gap" regions of 
6, 8, or 10 deoxynucleotides f' i^d by two regions of 2 



V t 



methyl modified; nucleotides, 
phosphorothioate. In Norther; 
these oligonucleotides (ISIS 67 
decxy gap; ISIS 6729, lO-deoxr^ 
inhibition of c-raf mRNA exp: 



oJ a cronuc.'.e; 
4 0 ; G 7 1 7 ) 3 fco v • - i 3 i* a 
preferred . 



Backbones were uniformly 
Mot analysis, all three of 
, r, deoxy gap; ISIS 6 73 7. f : - 
\$#) showed greater than ">'C'k 
virion m T24 cells. Then- 
i ;rhe -S dr-.oxy of?p v*onrvpoar*6 



1 ; f 



'no re- 



» 10 • 

.vkHr ional chimeric oligovj i -..-:Ieotid«s were synthesized 
rn-ryr^ ;ne or more region? of 7 : -O-methyl modification and 
J .-hosphorothioate hacfcbc ... These are shown in Table 

\ . . *! are phosphoror-bioauft.^ . regions indicate 2'-0- 

■ft->... , ..vl nodi f led regions. 



Tab I- 





Chimeric 2 ' -0 -methyl 


PaS ■ vaf 


oligonucleotides 


Isis 


# Sequence 


' .v?.?gat 


site 


SEQ ID NO: 


7848 


TCCTCCTCCCCGCGGCGGGT 


- OTR 




20 


10 7SS2 


TCCTCCTCCCCGCGGCGGGT 


:.. jtr 




.2 0 


7349 


CTCGCCCGCTCCTCCTCCCC 


■j ' UTR 




21 


7851 


CTCGCCCGCTCCTCCTCCCC 


5 'UTR 




21 


7C56 


TTCTCGCCCGCTCCTCCTCC 


5 'UTR 




25 


785S 


TTCTCGCCCGCTCCTCCTCC 


5 'UTR 




25 


IB 7854 


TTCTCCTCCTCCCCTGGCAG 


3 'UTR 




26 


7 84 7 


CTGGCTTCTCCTCCTCCCCT 


3 'UTR 




22 


7850 


CTGGCTTCTCCTCCTCCCCT 


3 'UTR 




22 


7853 


CCTGCTGGCTTCTCCTCCTC 


3' UTR 




27 



When tested for their ability to inhibit c-raf m&NA by 
20 Northern blot analysis, ISIS 7848, 7849, 7851, 7856, ^855 : 
7854, 7847, and 7853 gave better than 70% inhibition and are 
therefore preferred. Of these, 7851, 7855, 7847 and 78 53 gave 
greater than 90% inhibition and are more preferred. 

Additional chimeric oligonucleotides with various 2* 
25 modifications were prepared and tested. These are shown in 
Table 4, All are phosphorothioates ; bold regions indicate 2'- 
modified regions. 

Tab} - 4 

Chimeric 2' -modified P*&.;-ra£ oligonucleotides 
3 0 Isis # Sequence Target site Modif*5EQ 12 



6720 


T C C CG CCTGTGA CATGC ATT 


3 *' 


UTR 


2 f 


»0 


-Me 




6717 


TCCCGCCTGTGACATGCATT 


3' 


UTR 


2 ' 


-0 


-Me 




6723 


TCCCGCCTGTGACATGCATT 


3 ' 


UTR 


7 9 


-0 


-Me 


e 


8097 


TCTGGCGCTGCACCACTCTC 


3' 


UTR 


2' 


-0 


-Me 


24 


9270 


TCCCGCCTGTGACATGCATT 


3 * 


UTR 


2 ' 


-0 


-Pro 




3058 


TCCCGC CTCTG AC ?\T GC ATT 


3 1 


UTR 


2' 


- F 






90i~ 


7C vogcoca ;^cac c ktwcrt. 


* 


\n:< 


2 ■ 


- 




34 



Wt>9S#2>» 



- iy 



S J? 



; these, oligonucleotides c72G, 671/, 6729, 97*0 and 
o::ef«rred. Cl igonude^^^. 671'?, b"729, 9720 and 9058 



- vo chimeric oligonuoj.ec 
;-./Ations and chimeric * 
■isized. These are shown 
■r»s indicate regions which 
shosyhodiester backbones . 



o £3 wiv;h 2 ' r -0- propyl sugar 
i'js:> backbones were also 
Table 5, in which italic 
- both 2 -'-modified and have 
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Tabl 



Chimeric 2' -modified P«S/*-v c-raf oligonucleotides 



Ipifl # Sequence 

02 71 TCCCGCCT GTGACA TGCA TT 
8096 T CTGG CG CTG CA CCACTCTC 



Target site Modif-SEQ ID 



3 'UTR 
3 ' UTR 



2' -0-Pro 8 
2'-0-Pro 24 



■i r> 



20 



Inhibition of cancer cell proliferation 

The phosphorothioate oligonucleotide ISIS 5132 was shown 
to inhibit T24 bladder cancer cell proliferation. Cells were 
treated with various concentrations of oligonucleotide in 
conjunction with lipofectin (cationic lipid which increases 
uptake of oligonucleotide), A dose -dependent inhibition of 
cell proliferation was demonstrated, as indicated in Table 6, 
in which "None" indicates untreated control (no 
oligonucleotide) and "Control" indicates treatment with 
negative control oligonucleotide. Results are shown as percent 
inhibition compared to untreated control. 



Tab 



Inhibition of T24 Cell P^Uferation by ISIS 5132 



Oligo cone 



None 



C .- trol 



5132 



50 nM 
30 100 nM 

2 5 0 nM 
500 nM 



0 
0 



23% 
24% 
74% 

H2% 



WO 93/32W?7 
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Eftls : c" ISIS 5132 on T24 humas bladder carcinoma tumors 

^.'■bcucanecus human T24 hi vld^.r carcinoma xenografts in 
e -.ve-ie established snd .tated with ISIS 5132 and an 
a.?-. .u c;vitroi phosphorocruo.!. **:* il iqonucleotide administered 
5 :La ^ coneaily three t irn^s v *y at a dosage of 25 mg/kg. 
In -i: preliminary study, IS! ..'13? inhibited tumor growth 
fti eleven days by 3' , compared to controls. 

Oj 7 -joiiueleotide- treated tumors rained smaller than control 
tumors throughout the course of . est study. 

10 Effect of ISIS 5132 on MDA-MB 23* iiman breast carcinoma tumors 

Subcutaneous human MDA-MB 2.il breast carcinoma xenografts 
in nude mice were established and treated with ISIS 5132 and an 
uru elated control phosphorothioate oligonucleotide administered 
intravenously once per day at a dosage of 0.6 mg/kg or 6,0 

.IS mg/kg. ISIS 5132 inhibited tumor growth after 27 days (end ol 
study) by approximately 80% compared to controls. 

ISIS 5132 was also effective when administered 
intraperitoneally to MDA-MB 231 xenografts in nude mice. 
Oligonucleotide was administered once per day at 0.6 mg/kg oi 

20 6.0 mg/kg. By day 27 (end of study),- tumor volume was 
inhibited by 57% (0.6 mg/kg dose) or 64% (6.0 mg/kg) compared 
to control . 

Effect of ISIS 5132 on c-raf RNA levels in KDA-MB231 tumors 

RNA was isolated from MBA-MD231 tumor xenografts and 
25 Northern blots were performed to evaluate oligonucleotide 
effects on raf RNA levels. ISIS V132 decreased raf RNA levels 
after 27 days by 67% when give.,*, intravenously and 39% wr*en 
given intraperitoneally (both at .6 mg/kg) . 

Effect of ISIS 5132 on Colo 205 y.uman colon carcinoma tumors 

3 0 Subcutaneous human Colo ✓ ,, * colon carcinoma xenografts 

in nude mice were established an- '* reated with ISIS 5132 and an 
unrelated control phosphorothioa \. oligonucleotide adnini. t erred 
intravenously once per day at a * ..^age of 6 . c w^/kq, m this 
s'cudy, 'iC'iV ■.:■<'. \ i- : r V o --nw. rsr^w.h after 2 ? : days by over 



- A 1 - 

40V •••.oi-v.f.rad to controls. 

f TS^S 5132 on AS49 hur .>■, . •'. uvuj adenocarcinoma tumors 
-uhcutaneous human A54 9 .'" »g adenocarcinoma xenografts 
•.:«.*blished in male Balb/c -c mice and treated with ISIS 
vnd a control oligonucl- .. . ida administered daily oy 
in t venous injection at doses :> •-iiing from 0.006 to 6.0 mg/kg • 
ISIS S3 32 decreased tumor size a' -11 doses in a dose -dependent 
manner, as shown in Figur 1A. A scrambled rat 

oligonucleotide. ISIS 10353, hac ,o c-ffect at any dose (Figure 

IB) . 

Effect of ISIS 5132 on c-raf RNA levels in A549 tumor cells 

„NA was isolated from A549 tumor xenografts and Northern 
blots were performed to evaluate oligonucleotide effects on. raf 
RNA levels. ISIS 5132 progressively decreased raf RNA levels 
beginning 8 hours after start of oligo treatment. When the 
experiment was terminated at day 13, RNA levels were still 
declining and had reached levels approximately 15% of control . 

Effect of ISIS 6717, a 2'-0-methyl gapped oligonucleotide, on 
A549 lung xenograft tumors 

ISIS 6717, a 2'-0-methyl gapped oligonucleotide shown in 
Table 4, was compared to ISIS 5132 for ability to inhibit A549 
tumor xenograft growth. At doses of 0.006, 0.06, 0.6 and 6.0 
mg/kg given intravenously, the. two oligonucleotides were 
virtually indistinguishable in Ktoeir effects on tumor growth. 
ISIS S717 is therefore a ..af erred embodiment of this 
invention . 

Antisens* oligonucleotides tar >:*ed to A-raf 

It is believed that cert ,; oligonucleotides targeted, to 
portions of the A-raf mRNA ant -Men inhibit A-raf expression 
will be useful for interferin with cell hyperprolif era tier. . 
Methods for inhibiting A-raf .oression using such antisense 
-.•i.lgonu... ie -V- ar«- believed to be us> fu.l cor 

interferin? r: V,yr-i .y • v >. •• iar&o ot> 

The phosphorothioate decxyoiigouucleo'cides shewn ? ti Table 



7 w« r& 



: h, signed and synthesized -i^.no th* G«nbank A-raf 
» 'TT^ARAFIR (Genbank liat.^no X04 790) . 



TabJ 



Oligonucleotides Tar* . 3 no Human A-raf 



900 0 

90G1 

90c2 

9053 

9064 

9065 

305* 

9 0 e> 7 

90G6 

9069 

9070 

90*?! 

1022 



Sequence 



GTC 



ATG 
AAT 
CCG 
CTG 
CAC 
GAG 
GCA 
CTA 
ACG 
GTA 
8 CAT 



AAG ATG 
TCC CGG 
AGC TCC 
GCT GGT 
GTA CCC 
GGC AGT 
CTC AGC 
ATT TTG 
CTC CGC 
AGG CAC 
AAC ATT 
TCC CCA 
CAG GGC 



GGC TGA 
ACA GTC 
TCG CCA 
GGA ACT 
CAG GTT 
CTG CCG 
TGC CAT 
CTG AGG 
TCA ATC 
AAG GCG 
GAT TGG 
AAG CCA 
AGA GAC 



GGT GG 
ACC AC 
TCC AG 
TGT AG 
CTT CA 
GGC CA 
CCA CA 
TCC GG 
TTG GG 
GGC TG 
CTG GT 
AGA GG 
GAA CA 



Site 



b ' UTR 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Stop 

?. f UTR 

3 ' UTR 

2 ' UTR 



SEQ 113 NO; 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4C 



Oligonucleotides ISIS "061, ISIS 9069 and ISIS 10228 were 
evaluated by Northern blot analysis for their effects on A-raf 
mRNA levels in A549, T24 and NHDF cells. All three 
oligonucleotides decreased A-raf RNA levels in a dose -dependent 
manner in all three cell types, with inhibition of greater than 
50% at a 500 nM dose in all cell types. The greatest 
inhibition (88%) was achieved with ISIS 9061 and 9069 in T24 
cells. These three oligonucleotides (ISIS 9061, 9069 and 
10228) are preferred, with ISIS 9069 and 9061 being more 
preferred. 



Identification of oligonucleotiv 
ra£ 

Many conditions which are 
kinase are not amenable to stv: 
tissue graft rejection is a cc.-v 
ameliorated by interference wit-, 
this must be evaluated in anima 
oat lent s Another such ex:-" 

conditions car; i*stt-:d «y> jlo 
rat and mouse ^...H^is useo. .isis. 



-d targeted to rat and mouse c 

Tlieved to be mediated by rat 
in humans. For example, 
Ution which is likely to be 
:af expression, but, clearly, 
rather than human transplant 



i *** 



is restenosis . 



WO 9S/j»2$3 . 
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.••...gonucisc.ui.de sequences ?<•:: L.hlbicino c -raf expression 
xn r. : „ „Jj , r .oMS5. cells were idrm . f ied. Rat and mouse c-raf 
qenc-.--. a..ve regions of h<, ^ apology; a series of 
oli ...iQOtides which target vat and mouse c-raf .»RNA 

5 saq ••* were designed and s;. -sized., using information 
gsT-.c? Crom evaluation of oiigon! .? .jotides targeted to human c- 
raf These oligonucleotides vv screened for activity in 
mouse joESD cells and rat. A-10 ce." r uning Northern blot assays. 
The: oligonucleotides (all phosphi . ..hioates) are shown in Table 

:.Q 8 : 

TABLE 3 

Oligonucleotides targeted to mouse and rat c-raf 





XSIS # 


Target 


site Sequence 


SEQ ID - 




10705 


Coding 


GGAACATCTGGAATTTGGT C 


41 


lb 


10706 


Coding 


GATTCACTGTGACTTCGAAT 


42 




10707 


3'UTR 


GCTTCCATTTCCAGGGCAGG 


43 




10*708 


3'UTR 


AAGAAGGCAATAT'"- : - ..?f^ 


44 




10700 


3'UTR 


GTGGTGCCTGCTGACTCTTC 


45 




10710 


3'UTR 


CTGGTGGCCTAAGAACAGCT 


46 


20 


10711 


AUG 


GTATGTGCTCCATTGATGCA 


47 




10712 


AUG 


TCCCTGTATGTGCTCCATTG 


48 




11060 


5'UTR 


ATACTTATACCTGAGGGAGC 


49 




11061 


5'UTR 


ATGCATTCTGCCCCCAAGGA 


50 




11062 


3'UTR 


GACTTGTATACCTCTGGAGC 


51 


25 


11063 


3'UTR 


ACTGGCACTGCACCACTGTC 


52 




11064 


3'UTR 


AAGTTCTGTA GTACCAAAGC 


53 




11065 


3'UTR 


CTCCTGGAA i .CAGATTCAG 


54 




01 igonucl eot i de s 


ISIS 1.1061 anc'5 '0707 were found to inhibit c» 




raf RNA levels by greater tha", 90% in mouse 


bEND cells at a 


30 


dose of 400 nM. 


These two olio- nucleotides inhibited raf RNA 




levels 


virtually 


entirely in rev. TV- 10 cells at 


a concentration 




of 200 


nM, The IC50 for ISIS '707 was found 


to be 17 0 niM in 




mouse 


foEND cells 


and 35 nM in A-10 cells 


The IC50 f.cz 




TSIS 1 


10C J r!$i- ** c 


.•:^f,/r-». ' L -y in .tous< 


bFND ■.:■£!'■.. ?; -y.d 


3 5 


30 nK 


ir: ra f .: 1 


■ . i \ 
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Efii'c • XSIS -11061 on MBdog«K'.c-v.v.: ■:• raf saftcfe expression in 

trie?? 

. were ir; j-sr.red incrapv^ u-*vneally with ISIS 110S1 (SO 
>. r.or.irol uixgonucIeocj.L i ■ -_. s^linft control once daily 
days, Animals were- .::.c.r.L fined and organs were 
^n?;'v:^«u for c-raf mRNA express^, by Northern blot analysis. 
1SXL- 0S1 was found tc decrease - ■ -r als of c-raf mRNA in liver 
by approximately 70%. Control o /./nucleotides had no effects 
on r;-;af expression. The effect ISIS 11061 was specific for 
c-raf; A-raf and G3PDH RNA • ev*ls were unaffected by 
oligonucleotide treatment. 



Antisense oligonucleotide to c-raf increases survival in murine 
heart allograft model 

To determine the therapeutic effects of the c-raf 
15 antisense oligonucleotide ISIS 11061 in preventing allograft 
rejection, this oligonucleotide was tested for activity in a 
murine vascularized heterotopic heart transplant model , Hearts 
from C57BI10 mice were transplanted into the abdominal cavity 
of C3H mice as primary vascularized grafts essentially as 
20 described by Isobe et al . , Circulation 1991, 84, 1246-1255. 
Oligonucleotides were administered by continuous intravenous 
administration via . a 7-day Alzet pump. The mean allograft 
survival time for untreated mice was 7.83 ± 0-75 days { 7, 7 , 8, 
8 f 3, 9 days). Allografts in mice treated for 7 days with 20 
25 mg/kg or 40 mg/kg ISIS 11061 all uurvived at least 11 days 
(11,11,12 days for 20 mg/kg dose and >11, >ll, >11 days for the 

4 0 mg/kg dose) . 

In a pilot study conducted rats, hearts from Lewis rats 
were transplanted into the abdo--";al cavity of ACI rats. Rats 
30 were dosed with ISIS 11061 at 20 t-./kg for 7 days via Alzet pump. 
The mean allograft survival tit. : .tor untreated rats was 8.66 + 
0,69 days (8, 3, 9, 9, 9, 9, j'. '**aye). In rats treated with 
oligonucleotide, the allograft vivai time was 15.3 + l. 15 days 
(14, 16, 16 days) . 



•a :.och muscle ceil proii r:-r^ ,.oji is a cause of blood vessel 
r;vr example in a the rr-- -:rosis and restenosis after 
. • iSxperiments wsife * ■ *aed determine the effect 
■ on proliferation ,> • " ! 0 rat smooth rnuscie ceil J. 
^ r.-.. ;.- ^ culture were grown wi-.-' without.. ISIS 11061 (plus 
• rJ and cell proliferat. v -was measured 24 and 48 houxs 
Hi"..*.-:., Simulation with fetal ^erum. ISIS 21061 1500 nM) 

was £ uund to inhibit serum-stir *ted cell growth in a dose- 
dependent manner with a maximal \\ibition of 46% and 75% at J.4 
\Q hours and 4B hours, respective}" An IC50 value of 200 nM was 
obtained for this compound, An ur ^ited control oligonucleotide, 
had no effect at doses up to SCO nM, 

Mfects of antisense oligonucleotides targeted te c-raf cn 
restenosis in rats 

15 A rat carotid artery injury model of angioplasty restenr-. v 

has been developed and has been used to evaluate the *f 5:ecc.s or; 
restenosis of antisense oligonucleotides targeted to the :*-uivr 
oncogene. Bennett et al . , J. Clin, Invest. 19 S4, 93. £:.r- ^2 3. 
This model will be used to evaluate the effects of antisensa 

20 oligonucleotides targeted to rat c-ra£, particularly ISIS 11061, 
on restenosis. Following carotid artery injury with a balloon 
catheter, oligonucleotides are administered either by intravenous 
injection, continuous intravenous administration via Alzet pump, 
or direct administration to the carotid artery in a pluronic gel 

25 matrix as described by Bennett et al- After recovery, rats are 
sacrificed, carotid arteries are examined by microscopy and 
effects of treatment on luminal --oss -sections are determined. 

The invention is furth** ■ ; illustrated by the following 
examples which are illustrat iv~v> only and are not intended to 

30 limit the present invention tc . -^Celtic embodiments. 

EXAMPLES 

Example 1 Synthesis and Chart v.rization of Oligonucleotides 

Unmodified DNA oligonu*- . vtides were, synthesized on ar* 

avtomate.d D?VP.. sv»u. :hr>r '-.-J Ecosystems model 330B> us.Lr^ 
j c; = ?^ardarn ;; v -v:cy'.;^^{^':, ! _\*^«^..*:vy wi \ f > ox. i t: ion by iodine 
£- cyanoethyldiisopropyl pnosphor aiuxaites were purchased irorr. 



*. " : o?ystcjm.v. [paste?- City- • For phosphorothioate 
v. v "i ..-f.ir^a the standard ox? ticn bottle was replaced by 
•< - ,.-.;1.jtioT) of H-l, 2 -bene ■ .* ; aole-3-one 1., 1 -dioxide in 
{ -;.le for the stepwise thi of. the phosphite linkages 

■ 'on v:vcle wait step was -." "eased Uc 68 seconds and was 
foil -^.-tid by the capping step. , -3- methyl phosphorothioate 
o:i.-"---=clsot.ides were synthes ■ .r using 2' -O-methyl S- 
cyanr.u^thyldiisopropyl-phosphorat.- ■ ^ ves (Chemgenes , Needham MA> 
and the standard cycle for unmod;'. itd oligonucleotides, except 
the wait step after pulse deliv*. y of tetrazole and base was 
increased to 360 seconds. TIk .V -base used to start the 

was a 2' -deoxvri^^ucleotide . 2' -O- propyl 

oligonucleotides were prepared by a slight, modification of this 
procedure . 

2' -fluoro phosphorothioate oligonucleotides were 
synthesized using 5 ' dime thoxytrity 1-3 ' -phosphoramidites and 
prepared as disclosed in U.S. patent application Serial No. 
463,358, filed January 11, 1990, and 566,977, filed August 13.. 
1990, which are assigned to the same assignee as the. instant, 
application and which are incorporated by reference herein. The 
2 '-fluoro oligonucleotides were prepared using phosphoramidite 
chemistry and a slight modification of the standard DNA synthesis 
protocol: deprotection was effected using methanolic ammonia at 

room temperature. 

After cleavage from the controlled pore glass column 
(Applied Bi ©systems) and deblocking in concentrated ammonium 
hydroxide at 55°C for IS hour-? the oligonucleotides were 
purified by precipitation twic : out of 0.5 M NaCl with 2.5 
volumes ethanol . Analytical gel * ^ctrophoresis was accomplished 
in 20% acrylanvide, 9 M urea, 45 ,:1 Tris -borate buffer,. pH 7-0. 
Oligodeoxynucleotides and theii hosphorothioate analogs were 
judged from electrophoresis to /:.y greater than 80% full length 
material . 

Example 2 Northern blot analy* \ o£ inhibition of c-raf xoRliA 

expr spiou 

The humo/n url.ri-~rv '} <- f r'v^*y ' -<>c.;t'i: ::*2ll iiUfe Ti^ wy-s- obtained 
from the American Type C:u * :.-:-re Co.f .t.ff.cv;;.on iRcck"i lie MDi . Ce 



in McCoy *\s SA medium w; c.5: L-glutamine (Cribco BRL, 



. 10% heat- inactivated fetal 

'.cxilin and streptomycin 
; When chey reached ^C-s 
.igonucieotide. Plates were 
I 5 ml of Opt. l- MEM reduced- 
TMA. Oligonucleotide with 
sired concentration. After 
was replaced with McCoy' s 
24 to 72 hours after 
as isolated using a standard 



■ ■ •• - -mO ^0 j/wl eacl; oi j 
t: seeded on r :im pi - 

ufiey were treated wit, 
-v.tk 10 mi prewarmed PBS 
. crdiuin containing 2.5 /il 
lipofot^.tin was then added to the 
4 nours of treatment, the medi 
medium. Cells were harvest 
oligonucleotide treatment and RN; 
CsCi purification method. Kingston, R,E., in Current Protocols 
in Molecular Biology (F.M. Ausub* •! . R. Brent, R.E. Kingston, 
D .0 . Moore, J. A, Smith; J.G. Seidman and K. Strahl , edsj r John 
Wilev and Sons, NY, Total RNA w&s isolated by centrif ugation 
ot cell lysates over a CsCl cushion, RNA samples were 
eiectrophoresed through 1-2% agarose -formaldehyde gels and 
transferred to hybridization membranes by capillary diffusion 
over a 12-14 hour period. The RNA was cross -linked to the 
membrane by exposure to UV light in a Stratalinker (Stratagene, 
La Jolla, CA) and hybridized to random-primed "P- labeled c-raf 
cDNA probe (obtained from ATCC) or G3PDH probe as a control. 
RNA was quantitated using a Phosphorimager (Molecular Dynamics, 
Sunnyvale, CA) « 

Example 3 Specific inhibition of c-raf kinase protein 

expression in T24 celis 



T24 cells were treated wi 
lipofectin at T-0 and T«24 hours 
at T*48 hours, eiectrophoresed 
by Western blot using polyclonal 
Lake Placid, NY) or A-raf (Transc 
TN) . Radiolabeled secondary anr. ' 
was quantitated using a Phosp 
Sunnyvale CA) . 



oligonucleotide (200 nM) and 
-.-rotein extracts were prepared 

-•acrylamide gels and analyzed 
r.tibodies against c-raf 'UBI 
Uion Laboratories, Knoxviiie, 
jdies were used and raf protein 
rimager (Molecular Dynami oe 



4 

Exa^p;*: '> totieense inKibi ti er, call proliferation 

. ; n]i ( c were J- reared on -*]?•• 0 tor two hours wi.tb various 
■ ^ions of oligenuciee : e and lipofectJ.r '50 nM 
oii J.fe-ouide in the presence ^ jig /mi lipof.ee tir ; 100 t;M 

o} i:,"- -.. V^otide and >.'ig/rol lipc. cin; 250 nM oligonucleotide 

anc? v . ; ,s/ m l lipofectin or 500 m / Oligonucleotide and 10 ug/ml 

lirx : ' so-tin} . On day 1. ceils we .„ ::reated for a second time at 

des? -red oligonucleotide concent*. ;on for two hours. On day 2 f 
cslls were counted. 

10 Example 5 Effect of ISIS 5132 . T2 4 Human Bladder Carcinoma 

Tumor Xenografts in fcude Mice 

S x 10* T24 cells were implanted subcutaneously in the 

riefht inner thigh of nude mice. Oligonucleotides (ISIS 5132 and 

an unrelated control phosphorothioate oligonucleotide suspended 

15 i.n saline) were administered three times weekly beginning on day 
4 after tumor cell inoculation. A saline-only control was also 
given. Oligonucleotides were given by intraperitoneal injection. 
Oligonucleotide dosage was 2 5 mg/kg. Tumor size was measured 
and tumor volume was calculated on the eleventh, fifteenth and 

20 eighteenth treatment days. 

Example 6 Effect of ISIS 5132 on MDA-MB 231 Human Breast 

Carcinoma Tumor Xenografts in Nude Mice 

5 x 10 s MDA-MB 231 cells were implanted subcutaneously in 

the right inner thign of nude mice. Oligonucleotides ( ISIS 5132 

2 5 and an unrelated control phosphorothioate oligonucleotide 

suspended m saline) were admiri-i^r-ered once daily beginning on 
day 10 after tumor cell inoculat e A saline-only control .was 
also given. Oligonucleotides we:-../ given by intravenous injection 
at a dosage of 0 . 6 mg/kg or 6,0 v.v'kg- Tumor size was measured 

3 0 and tumor volume was calculates . (i days 10, L3, 16. 20, 23 and 

27 following tumor cell inocul on. 

For intraperitoneal o'. onucieotide administration 

oligonucleotides were admirast- . d once daily beginning on day 

0 After tumor cell inoc-ilat i 1 saline -only control was also 

at a dosage ct v.? tt\g//*;;g o» :> 0 ::o. / , , ?l , it.o\' hif-? v^f r<ie asiii&d 



- w r* ^ ^ .r 



and 



; 1 



- 2r - 

7o.".ume was calculated o^ya 10 
. u f i 10 r " e 3 .1 i no c a .L ■ 



15. 2 0 1 23 and 



C 
• > 



10 



1 5 



20 



25 



Effect of ISIS 5132 ' 
Turaor Xenografts in 

- x 10 6 Colo 205 cells we 

r.he ri. ; Y^i: inner thigh of nude mic 

and ail unrelated control phc 

suspended, in saline) were admin 

on clay 5 after tumor cell inocu 

was also given . 01 igonucleot i - ' 



f ;tOS Human Color. Carcinoma 

iplanted subcutaneously in 
v igonucleotides (ISIS 5132 
r^rothioate oligonucleotide 
■red once per day beginning 
;nn. A saline-only control 
were given by intravenous 



30 



Oligonucleotide dcssge v?as 6 mg/kg. Tumor size was 
measured and tumor volume was calculated on days 5. '9* 11, 14. 
18 11 and 25 after tumor inoculation. 

Example 8 4 Diagnostic Assay for ra« -associated Tumors Wains 

Xenografts in Nude Mice 

Tumors arising from raf expression are diagnosed and 
distinguished from other tumors using this assay. A biopsy 
sample of the tumor is treated, e.g. , with collagenase or trypsin 
or other standard methods, to dissociate the tumor mass. 5 x 
10* tumor cells are implanted subcutaneously in the inner thighs 
of two or more nude mice. Antisense oligonucleotide (e,g. , ISIS 
5132) suspended in saline is administered to one or more mice 
by intraperitoneal injection three times weekly beginning on day 
4 after tumor cell inoculation. Saline only is given to a 
control mouse. Oligonucleotide cioeage is 2b mg/kg . Tumor size 
is measured and tumor volume V., calculated on the aleventn 
treatment day. Tumor volume of f •'. oligonucleotide -treated mice 



is compared to that of the con- 
associated tumors in the treated 
tumors in the control mouse. 1 
than raf expression are. not; 
oligonucleotides targeted to 
volumes of oligonucleotide- 
sen! iva'i*in'. 



j mouse. The volume of raf 
s are measurably smaller th; 
x& arising from causes other 
-.pected to respond, no ttis 
;?.nd ( therefore, the tumor 
--.eci and control mice are 



1 0 



IB 



20 



25 



Example -j Detection of rat* expression 

OJ ' -.ionMcieotides are radi oi« ed after synthesis by "T- 



V f.l 1. 



3.1 



AT?; 



30 



decide kinase. Sambrook et 
Manual, Cold Spring Harbor 
31-11 32. Radiolabeled 
h tissue or cell samples 
'.uvnor biopsy samples or skin 
under conditions in which 
nd tne sample is washed co 
■oactivity remaining in the 
,de and is quantitated using 



... the 5* end with polyn 
•i ular Cloning. A Laoorac- ■ 
.^c;::ri;^.-; Press. 1989, Volume 2, : 
oligonucleotides are contacted ■ 
suspe^^ of raf expression, such :, 
samples where psoriasis is suspec' 
specific; hybridization can occur 
remove unbound oligonucleotide, 
sample indicates bound oligonuclf. 
a scintillation counter or other routine means. 

Radiolabeled oligonucleotides of the invention are also 
used in autoradiography- Tissue sections are treated with 
radiolabeled oligonucleotide and washed as described above, ther 
exposed to photographic emulsion according to standard 
autoradiography procedures. The emulsion, when developed, yields 
an image of silver grains over the regions expressing raf. The 
extent of raf expression is determined by quantitation of the 
silver grains . 

Analogous assays for fluorescent detection of raf 
expression use oligonucleotides of the invention which are 
labeled with fluorescein or other fluorescent tags. Labeled DNA 
oligonucleotides are synthesized on an automated DNA synthesizer 
(Applied Biosystems model 380B) using standard phosphoramidite 
chemistry with oxidation by iodine. 6-cyanoethyldiisopropy.l 
phosphoramidites are purchased fr;w Applied Biosystems (Foster 
City, CA) . Fluorescein- labeled Ivtes are purchased from Glen 
Research (Sterling VA) . Incui 
biological sample is carried ou ; . 
oligonucleotides except chat ins-' 
a fluorimeter or fluorescence m 
fluorescence which indicates re : 



.on of oligonucleotide and 
y described for radiolabeled 
d of a scintillation counter. 

•scope is used to detect the 
.^oression. 



Example 10: 



A549 x nograft* 



S x xO* AS49 ceils v-f rc .«l:#d suhci:tar»eonsly 

i nne r t h x a h of aud e ; o ? c e . 0 j i r. : • ~ n , \ c j e :> v i d e s i I SIS 



no. a 



scramble raf control phosphor ot-^oai- oligonucleotide., ISIS 
ri^i; suspended in saline ware nd.cui mistered once daily by 
^.v.v;,,.,, injection at; doses ra • Uoxu 0,006 to 6.0 mg/kg. 
Result::- -v-i tumors? were measure:! o:; 
-oiu^:;-' %: rc*e calculated* 



.i?. . 3.7 and 2.1 and curnc? 



Sffect of oligon *c£ide on endogenous c-raf 
expression 

Mice were treated by int: -ritoneal injection at an 
oligonucleotide dose of 50 mg/kg ■■ days 1, 2 and 3. On day 4 
animals were sacrificed and organ -moved for c-raf mBNA assay 
by Northern blot analysis. Four groups of animals were employed: 
V no oligonucleotide treatment (saline); 2) negative control 
oligonucleotide ISIS 1082 (targeted to herpes simplex virus: 
negative control oligonucleotide 4189 (targeted to mouse protein 
kinase C-a; 4) ISIS 11061 targeted to rodent c-raf. 

lixample 12s Cardiac allograft rejection model 

Hearts were transplanted into the abdominal cavity of rats 
or mice (of a different strain from the donor) as primary vascu- 
larized grafts essentially as described by Isobe et al . . 
Circulation 1991, B4 , 1246-1255, Oligonucleotides were 
administered by continuous intravenous administration via a 7-day 
Alzet pump. Cardiac allograft survival was monitored by 
listening for the presence of a second heartbeat in the abdominal 



cavity 



5'xampla 13: 



Prolif eratiaa. at 
calls 



v using rat A- 10 smooth muscle 



A10 cells were plated int 
Modified Eagle medium (DMEM) A 
co attach for 24 hours. Celi 
addition of DMEM + 0.2% dial 
additional 24 hours. During t 
cells were treated with ISIS - 
"ie-mesaa MD> in serum- free ;ned 
replaced witn tresh ov^dA-^" ^a" ; iu- 
10* fetal call serum. Tn:> pi..; ; ;t.^ were the 



■ 56-well plates in Duibecco- s 
fetal calf serum and allowed 
„ were made quiescent by the 
'-6 fetal calf serum for an 
last 4 hours of quiescence . 
+ iipofectin (Gibcc— BRL, 
Medium was then removed, 



placed, into zh 



"l i ... A 



l^R E&t Ciiro^id &?.oe. : rentenoeic* model 

Th":s vu^del hs;c beer c^scr:Lo 5 by Sewn^t* r. £ul . . J. CJ.jl/;. . 
.*:i5V2:?t". . T^fi; ; 1 hyperplasia Lb .Indvced^ty 

balloon catheter dilatation of carotid artery of the r.:-*-. . 

r;: c*? are anesthetized <ir»d condor: c c-w.».d arr.exA' \n)\\ry i:> vndec^o 

i-ni of saline, oij.g^nucVK-t 4 „. \ o • >• ' 1Y -~?> &pp.l i^rl to t v i& adv£r*.xv.: : 
surface of the arterial in a pluroric gel ^olutxov; 

03 3 qonucleoti cies are dissolv-ao m s -},25^ pluro^it* ore! solut; , ; 
at 4 C C hA$2*' Corp ) ihe desired dose 100 /;! of v;h£? 

qei solution It -?.i3p3 i.sd rhe r^^t^I third of f :ha common carocic) 
artery immediately after injury. Control rats are tr^&t^o 
similarly with gel containing control olxgcnucieot ide or no 
oligonucleotide- The* neck wounds are closed and the aniv.^ls 
allowed tc recover. 14 days later, rats are sacrificed, 
exsanguinated and the carotid arteries fixed in situ by perfusion 
v;ith paraformaldehyde and glutaraldehyde . excised and processed 
for microscopy, Cross-sections of the arteries are calcsj ated , 

In ar<, altex^native to r.ha pluronic; ge! £dmi:'ii«tx;*t loo 
procedure, rats are treated by intravenous inject, i ;rr> or 
continuous intravenous infusion (via hxzer. purap* 
oligonucleotide. 



. k^Pjl .i.CAWT. " taenia, arett P . ^•? ( ri- *u*S5?::. - 'i 

\: rvrL.E OF l^ENTIOK: Ant? . 01 ieronuc J voti 3 c- Maria j a 
of ra.-I 3eus Express.^ 

iij tfUMBSX OF SEQUENCES: 54 
v) CORRESPONDENCE ADDRESS; 

[A) ALORFISSEE. Law Office--' tfaue Massey Licata 

.2) STREET; 210 Lakt» Dri-v Bast. Suite 2H:i 
CITi; Cherry Hill 

(D) STATE; ZSToT 

(fc; COUNTRY r USS 

(?) ZIP ; OBOG^i 

v) COMPUTER READABLE FORM; 

(A) MEDIUM TYPE: DISKETTE, 2,3 INCH, 1.44 Mb STORAGE 

(B) COMPUTER : IBM PS/2 

(C) OPERATING SYSTEM; PC- DOS 

(D) SOFTWARE: WORDPERFECT S 1 

vi) CURRENT APPLICATION DATA: 
(A* APPLICATION NUMBER n/a 
{Bj FILING DATE; HsxewA'V 
(C) CLASSIFICATION ; 

:vii; PRIOR APPLICATION DATA,'.-- 

(A) APPLICATION NUMBER : * : n - f 5 5G 

(B) FILING DATE- May 3i 
( vi i i ) ATTORNEY/ AGENT INFORM;-: • :i?>? ■ 



J 



t : r^^X^r;- /r;OC/^;:' *Ar.iW.i3K 



■ ■ i ■* . ■ " i ' . / * ',vi " . « ^ 7 f' 



vcn -cm seo in no: i- 

{j) ^fiJOFTENCE CHARACTERISTICS? 

5 TP. A'^ HEDGES S - Single; 
' D : TOPOLOGY . Linear 
i'r.vj -SENSE: Yes 

f .xi: SFQITENCE DESCRIPTION: SEQ 
TflAAGGTGkG CTGGAGCClPvT [1 
rw?ORMA.TION FOR SEQ ID NO: 2: 
[i) SEQUENCE CIEiARACTERISTICS; 
(Ai LENGTH: 20 
(H) TYPE * Nucleic Acid 

( C) STRANDEDNESS : S ingl e 

( D ) TOPOLOGY L inez.r 
fiv« SENSE; Yes 

(XX ) SEQUER'CF DESCRIPTION : fir 
GCT'CCATTGA TGCAGC^TAA 
INFORMATION FOP SEQ JD NO: 3* 

(i) SEQUENCE CHARACTERISTICS : 
i A) LENGTH; 20 
(B) TYPE : Nucleic Aoio 



-. , * t - 



• ■ * . * * ... . 



.i* Oi<i 'i'-'iK -V'r. .;i^;> J ^ ?«u> 

-IYPB Nuc-esic Ac id 



\ TOPOLOGY* l inear 
ANTI-- SENSE: Yes 
ixi) SEQOENCE DESCRIPTION: SEQ ID NO ; 4: 



(20) 



INFORMAIXON FOR SEQ ID NO : b: 
{;. : SEQUENCE CHARACTERISTICS: 
LENGTH; 20 
IB) TYPE: Nucleic Acid 
(C) STRANDEDNESS : Single 
(D> TOPOLOGY: Lineal' 
iiV! AWT I- SENSE; ^es 

(xii SEQUENCE DESCRIPTION : SEQ ID NO: S: 



ATTCTTAAAC CTGAGGC3AGC 
INFORMATION FOR SEQ ID NO: 6: 
(i) SEQUENCE CHARACTE 
I A) LENGTH: 20 
(B) TYPE > Nucleic Acid 
iC) STRANDEDNESS; Single 

V *' Y'.-'\ -"I ' ^ , »"* ' «" . " *,* *'* 



TYF r :. Nucleic? Acid 
,ri *TR AOTEDNFSS ? $> ingle 
'0! TOPCfCCY: Linear 
ir,/ f AN*** I- SENSE Ve? 
(Xi) SEQUENCE DESCRIPTION r SEQ 3 
CAGCACTGCA AATGGCTTCC (2C 
INFORMATION. FOR SEC IF NO; 

( 1 i; sequence CHARACTER 1ST ICS ? 

(A) LENGTH: 20 

(B) TYPE- Nucleic Acid 

(C) STFANDEDNESS : Single 

(D) TOPOLOGY Linear 
(lv) ANTI- SENSE: Yes 

(xij SEQUENCE DESCRIPTION: SEQ 
TCCOGCCTQT GACATGCATT (2 
INFORMATION FOR SEQ ID NO*. 9; ... 
{!) SEQUENCE CHARACTERISTICS; ; 

(A) LENGTH: 50 

(B) TYPE : Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 



»' , ' , . 



r » i*. :.\ * .'. i ■- ji ji- . ' 



IT 




■ ' ) ^TPATCDSDNESS Single 



(!>'! TOCOLOGY Llnea\ 



^ , "i ft hTT* r <: tv ,vr o v - y ^ « 



,2) INFORMATION FOR £EQ ID NO; 11; 
U> SEQUENCE CHJf^CTSsRISTICS; 

(B ■ TYPE . Nucleic Acid 
(C; STRABDEDNESS s Single 
CD) TOPOLOGY s Linear 
iiv) Aim - SENSE 1 Yes 

{xi) SEQUENCE DESCRIPTION; SEQ ID NO: 11: 
AC^GIGAAOGC CTGGAGCCAT (20) 



\2) ' im'Ojmii:io¥ for-seq id no: 12. , 



(i) SEQUENCE OmRACTKRISTICS:^- 



(B) TYPE: Nucleic Acid ^ 

(C) STHAKDS3DNESS - Singly 



(Di TOPOLOGY : Linear 



(j.v) ANl'l-SEIvtSE: Yae 



JiV.>*^ ■ '" • -'i .-"( 

L , .;. l . 1 .J..,rw , '..:^v . O- - . i 



.■ ' 

aTKitfvDkuNESS : Single 
VO.^OIiOC^v. Linectr. 

U.v) AlNTfl- SENSE. Yes 

:<) INFORMATION FOR S'&Q IB NO; 14: 
U) SEQUENCE CKA/ACTKRISTICS : 
;A} LENGTH: 2i) 
;£) TiPE: Nucleic Ac^J 
vC) ST5LANDBDNBSS v Single 
■;Dz TOPOLOGY: Linear 
(iv) AST I™ SENSE; Yes 

ixi) SEQUENCE DESCRIPTION ; SEQ ID NO: 14: 
CTGGGCTGTT TGGTGCCTTA (20) 
VI) INFORMATION FOR SEQ ID NO; IS: 
'I; SEQUENCE CHARACTERISTICS: 
\k) LBNG'XK; 20 
\h) TYPE: Nucleic Acid < 
(C) STRANI3EDNESS :. Singi ' 
{D} TOPOLOGY: Linear 
av; ANTI- SENSE; Yes 

ixi) SEQUENCE DESCRIPTION -J ID NO- 15: 

■ • -r ,f !'• >* " i • . ' , 1 

; •,•. ;< -• , ■ ■ ■ t. , » ■ t\ > - 



t 



/ * \ 



.^F.Ql^FCT 7 DESCRIPTION, > ' • > NU : U . 

^ TMFOPM^TTOh FOP SEC ID NO : 17; 
-i) SFO?7KNOE CHAEACTERJSTICS: 

;C:i ^TF.WTDRDNF.SS : single 
■ D) TOPOLOGY; Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 17: 
CGCTCCTCCT CCCCGCGGCG (20) 
(2) INFORMATION FOR SEQ ID NO: 18: 
: i ) SEQUENCE CHARACTERISTICS : 

*r» TOPOLOGY; J.dnesr 
(iv* AWTI- SENSE: Yes ' 
I'xi'i SEQUENCE DESCRIPTION; >h,- .CD NO: .18: 

TTCGGCGGCA GCTTCTCGCC (/Oi 

.NroaK^i rcii: for <:uo t- r^- * 



'V 



♦1 



GCCGCCCCAk CGTCCTGTCG : 0 ) 

3? TYPE ^ Nucleic Acid 
( C ) STRMfDKDH'ESS ■ S ingl e 
01 TOPOLOGY' Linear 
i'iv) ANT I -SENSE.- Yes 

ixii SEQUENCE DESCRIPTION SBQ IP NO ; 20; 
TCCTCCTCCC CGCGGCGGGT (2C) 
(2) INFORMATION FOR SEQ ID NO; 21: 
,'.\) SEQUENCE CHARACTERISTICS; 
iX; LENGTH: 20 

TYPE;; Nucleic Acid 
(C) STESKDEDISESS : Sir*.gl ^ '.■ 
{D> TOPOLOGY? Linear 

\xi) SEQUENCE DESCRIPTION : ID NO: 21; 

CTCGCCCOCT CCTCCTCCCC & ; ( 2 0 V 
(2> INFORMATION FOP SEQ ID HO: 22-^, 



i , t C- ' - ,.J, . v.- ' h* . -' 



14 



i > 



4- 



a*, AA^iSi Nuclsic; Acid 



S*fHrtHDISW>IE3S - Single 



v "0) TOPOLOGY; Llne&x: 

DESCRIPTION: 3.EQ ID STO ; 23 : 



2} INFORMATION FOR 3£Q ID NO: 24: 
>i! SEQUENCE CHARACTERISTICS; 



1-ENGSH; 20 



;B; Ti'PEv Hucieic Acid 



;D! TOCOLOGY t iiiaear 
iiv) ANTI -SENSE s Yes 

BtfatJBtfCS DESCRIPTION: ID NO; 24, 



TCTGG CGCTG CACCACTCTC 



• j ft 1 



:2) INFORMATION FOR SEQ ID NO; IS 
Ji) SEQUENCE CHARACTERISTICS 



L * ► 



iv: r^>!^:.;F CHARACTER ):£?IC:S , 

l^RA^DED/SDSSS * Single 
■ TOPOLOGY r -ane^r 

• v t ; : ; ) ?.F:grjP.!qOT OESCPI^-x^; SEC TO NO - 2G : 

\2) INFORMATICS $BQ ZT\ j?£0 : 2 "? ; ^ 

(i) SEQUENCE CHARAC TBF X ST 1 CS : 

It 

■+ 

(A) LENGTH .* 20 
( B 5 TYPE " Nucleic i>cid 
STPANDED^ESS; Sing] 
iTO TOPOLOGY ? v,lne&r 
(iv) AFT.?. - SENSE 73* 

(2) INFORMATION FOR SEQ ID NO: . . 
(i) SEQUENCE CH7>J?ACrrERI3TICS 
(A) LENGTH: PO 



»1 

« 

n*., f ^.T . "*r'-* !',-' r .-A V 

■■V - AMrno^ pop. skq t " 29: 

... ~:£OUt?tfC;? CKAB^CTSRTSTl'CS: 

.'V:. ^KKGTF. 20 ; 

'C) rTRMTOr^NESS . Hingis 
TOPOLOGY; Linear 

{xi) ^8QXJ$LX£ SESCKTPTTOtf: 3EQ ID NO: 29 s 
'.>. ATCC^GGk Q^TOACCAC (29) 
\2 V I ^FORMAT aON FOR SEO ID MO: 30: 
(1? SEQVJ^FCF CHARACTERISTICS: 
;A) LENGTH; 20 
(B) TYPE: Nucleic Acid 
;C; STRANDEDMESS : Single 
(D- TOPOLOGY ; Linear 

iKi) SEQUENCE OESCRIPriOB. "/>} ID NO: 30: 
ATGA^CTCCT CGCCATCCAG \- : 2 0 i 
(?) T. I FORMAT X OR FOR S3EQ IS* NO; 3: 
ii) SEQUENCE CHARACTER 1ST I CF 
(X) LENGTEs 2.0 
(R) TYPE - N-acleic Acid 



, ■ - . ■<• , . r . -, : n : 11 

J * 

t 

^ } DESCRIPTION: 3FQ ID MO: 3^< f 

••. ; INVORM^'IIOy FOP SSQ ID 1*0; 3 3 * : 

'\* ' »! " 

til SEQUENCE CHAPJ*CTER?tSTICS : "V 
{A) LENGTH' 20 

(B) TYPE: Nucleic Acid \ jj 

(C) 3TRANDEDNESS ; Single 
<D) TOPOLOGY; Linear 

'iv) SENSE: Yes 

n * 

(xi) SEQUENCE DESCRIPTION; SEC* ID NO; 33 ' 
CTGGGCftGTr V3CQBGGCCX (20) 
12) INFORMATION FOR SEQ ID NO: 34 * 



(A) 


LENGTH; 20 




f 'E) 


TYPE. Nucleic 


Acid 






Sing 









X V v 



v. - v. 



• 4* •• 

il::; T.fi-E .. Kueieic .ftcxi. 
(•'Li ^T£feKDEDNESe : Single 
i i TOPOLOGY i L.Ui^ai 

^xi! SEOOEKCS DESCRIPTION: SSQ ID TO: 
GA^fVX'TTTGC TGAGGTCC3G (20) 
'2- rNFORMAT^O^ VOX 3£Q ID v aS; 

SBQ'JKNcE CttARACTSRISIjCS' 
{k< LENGTH; isO 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS ; Single 
(Di TOPOLOGY: Linear 

<iv} ANTX-aEiKfSE: Yes 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO. 36 i 
GCACTCCGCT ^20} 
.'2) I !TF ORMkT X ON FOR 3EQ ID SfOt .3 ?' 
U) SEUUEKCE CHAittCTERISTICS;' 
i A) LiSNGTK; 20 

(B) TYPE: Nucleic Acid 

(C) STRAtiDEDNESS : Sxngl* 

(D) TOPOLOGY; Linear 



■r. 



""'ErV.i' CHArl^v .CSV." i^TT?': : . 
^ T V'^'B \ Nut • i O i C AC J d 

1 t ' v 'J JC( i- " t- • t- .f- f • ;J . 

**.*'■ f»; r.-"V7 /*v~ "V - f . * Tii .r 
• ! , , ; ,i v » I \ * J .< \ A* 1 ' ■' - a c c>. 

: :: ; ' /^\W-fT PE^rpIPTIC^: £L : / Z D MO; *8 
AC'Qhfc CftTTG ftTTGGCTGGT ( 2 C ) 
:, . .iNFORNLs.riON VOR S?Q ID NO: "-3?; 

sf;^te^c?. CHARACTERISTICS: 

5i T^'v-'B- oleic Acid 
(C> STR^lSEKDSESSr Single 
( D ^ TOPOLOGY . linear 
iiv) ANTI -SENSE: Yes 

IxS i SEQUENCE DESCRIPTION • 5EQ 111 NO: 3 9 
GT^TCCCCAA ASCCAAGAGG (20) 
;/} IKFORM^XON FOR SEO ID NO- 40* 
(i) SEQUENCE vHARACTERI.9 I ! * 
iA, LENGTH' 20 

Tv^E: Nucleic Acid 
10) STBANDEDNESS ? Singl: 
ID) TOPOLOGY f LAnear 
i iv) ANTI- SENSE:. Yes 



i 

F 



■WWCRMW.'IO* FOR SEQ ID NO: 42: 
{ S SEQUENCE CHAfeACTSRISTI C;3 ; 

{is > TYPE-, Wuclfeic .acxd 

*C; S r iRANDEt)KESS -i dingle 

;U; TOPOLOGY; Linear 
Uv) AWT I - SENSE ; Yes 
■;xi) SEQUENCE DESCRIPTION: SEQ ID 

GATTCACTGT C5ACTTCGAAT (20) 
INFORMATION FOR SEQ ID WO; 43: 
U) SEQUENCE CHMttCTERISTICS; 

iA> LENGTH : 20 

(B) TYPE. Nucleic Acid 

(C) STRANDEDWESS s Single" 
\D) TOPOLOGY ; Linear 

(iv) MJT1- SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: ^'Q ID 

INFORMATION 3Kti ID fcO ■ 



' ..'.11 



. > ■ • * 



SSQUEl^V. 'DESCRIPTION f v 3;NO; 44: 



.fc A G A A G 0 C ft A TATG AA G TT A 



CNFOKM&TI077 FOR 3EQ ID M) . 46: 
ii) SFOUEHCE CHARACTERISTICS; 
(A) LENGTH' 20 
(H5 TYPE : Nucleic kcid 

STRANDEDNESS ; Single, 
( D ) TOPOLOGY j L ine ar 
U^i ANT I -SENSE: Yes 

ixi) SEQUENCE DESCRIPTION : SEC ID NO: 45: 



GTGGTGCCTG CTGACTCTTC 



(20} 



(2) INFORMATION FOR SEQ ID NO. 46 
Mi SEQUENCE CHARACTERISTICS: 



*A) LENGTH; 20 



(B) TYPE*. Nucleic Ac? a 



(Cl STRAKSDEBNSSS * Sing Is 



(.n* topology ? Linaar 



fiv) ANTI- SENSE; Yer. 



(xi) SEQUENCE DESCRIPTION: *KC ID NO: 



4G 



CTGGTGGCCT AAGAAGAGCT 



(20) 



.-•;/ n*FCRft&T?0?* FOR ^BO ID NO. 47 



:KK;S^VIO*W' £EQ ID NO 48: 

.tjqtjfmje characteristics: 

TYPS; Sucleic acid 
S'^R^NDfeDNEiSS : Single 
TOP03JOGY, Linear 
(iv) Yes 

v*i) SVSQOENCE DESCRIPTION ; SEQ ID NO • 
TCCCTGTATG TGCTCCATTCi ( 2 0 ) 
INFORMATION FOR SEQ ID NO: 49? 
: 1 } SEQOKSCB CHARACTERISTICS : 

[hi LENGTH s 20 
«S) IYP2: Nucleic Acid 
;C) -3TRAHDKDNESS t Siagl- 
vO; TO^OXjOGY v Linear 
•;iv) AfiSTI- SENSE s 'k'ee 

(xi) SBQDEBCE DESCRIPTION: : ; .0 ID WO 
ATACTTATAC CTGAGGGAGC l?0) 
INPORMArTION FOR SEQ ID KOt 5^ 



?V *.Jt. - 'V? f 



f3,vi A&TI-S£N#E- Yes 

'xi^ DESCRIPTION: f- IE NO; 52; 

ACTGGCA.CT6 C&CCACTGTC , C20) 
1 13 FORMAT I OK FOR 3F.Q ID NO ; s:< • 
U3 SEQUENCE CHARACTERISTICS- 

< } OEM OTU ; 2 0 



^ LENGTH:. 

r n i ^Y?E* Nucleic i/.-ic* 

\xi; PEQUEPCF DESCRIPTION:. SEQ ID NO: 51. 
GK7T T GTAT7i CCTCTGGAGC (20) 
['V INFORMATION FOR SEQ ID MOr. 52? 
(i) SEQTTENCE CHARACTERISTICS: 



(A) 


TJRNGTHs 20 


%■ 


( P i 


TYPE- Nucleic Acid 




■ * * 


fsTRANDEDNESS r Single 






TOPOLOGY; jjinear. 





' 1 • ■■ V' 



■ •9 ■ M , 



C: S^^^^^ES;-; Sine 



.1. 



t 7 " Vil 



< ; t 



(2) Tr;>w^M\r^ON FOS SEQ ID nO; S4 ■ 



' <H type Huelttie ?,r?irl 
3TRANDEDSESS ; Single 
TO?OI<0G>T:. Linear 



'vj. .^TX-SEHSEi .Yes 



xi: ^IIQU^CE DESCRIPTION* SEP ID NCH 54; 
CTCCTGC^AG ACAGATTCAG (20) 



■ * ft. 




jib 



■.. "••fi;--." < m^:;-, h. ' "vf and whir- 3;- csv AN-f- 

— f 1 1 V j f 1 



...1 \^ f r-t » 



f needing human A-ra£. 

7;<e nli gonucltioMdc i clairr. 2 having 5EQ IX' I'O 

JT< or 4.3 . 



''1. The oligonucleotide 1 which i/s tare*?**: r?.c ! ^ 

0 n:k.NA si^odxnq human c-raf.. 



. The oliaonucleotide of cls.ivr. 4 which is faroec&a 
transaction initiation site*.- 3 untranslated region ax 
■j'WrTiiitol^tud real on of r*?dtfA cncodina human c-rsf * 



6* The oligonucleotide of claim ^ which ha# ?*-c • ...-v.. 
o^ift phcsphoirothioate linkage. 

7 The oligonucleotide of claim 1 wherein at le&sc ons 
oi the nucleotide units ot the oligonucleotide is modi'f icV'i ?t 
r.hte 2 : position of the sugax* moiety. 



The oligonucleotide of claim 7 therein ~ 1 



V vf J. : A 



zrs-Sxf i cation at the 2' position oi cm* sugar moiety ia s 2'-0- 
^ikyi a 2-fiuoro rocd.ii.xca* l^n, 

9. The oligonucleotide claim 1 xn & pharrnaefcur. ira.U. 
acceptable carrier . 

10 , The oligonucleotide -m>: claim 5 corupritfina SEC T=' *-T w : 
2, 5, 8 12 17. .20, 22. 24, 2 5.. 26 or . 



^ c cirrn region Ravine; at w out nuci^otn.ae ^i;ca 1 :• 
cc e^uic target affirms and « second regxw* rffcic" 
vubstrat* for R'WAse H. said - .^eric oligonucleotide fcturv, 
;.f inn.ibi.txn9 iai exprer ,on . 



*1 . 



r>.<~ n'i-;Qon-J.cI«c,tide oi Jl*ir.i 3-3 herein, ttie nu^.i 
,C v.Uxcu j« modif ied to «nn*nc« tavgec affinity is »o*i*iert at -he 
wait ion of the sugar moiety. 



The oligonucleotide of siai* 14 wlMie^n cb* 
wcdific.t*™ at the 2' position or i:he sugar moiety « * * 
alkyi ox a 2'~iiuoro modif icatxon. 



0 



ie xbe oligonucleotide of. claim 13 wa*r«i it; V.hc 
;vh.i.ch. A* a substrate for RNAse B comprises at least on^ 2' 
deoxynueleotide . 

I?. The oligonucleotide of claim 13 which has at 1**** 
or.e pfcosphorothioate linkage. 

XH, The oligonucleotide of claim X3 which is tarO,;t^j 

: n ^; s ti^ 3' untranslated .region 

translated region of. mRNA -ding human c-ra*. 



19 .. Th& oligonucleotide ,f claim U U a pharmaceu- J y 
acceptable carrier. 

20. The oligonucleotide or claim r- coiapz icing Ti> 

MO : 8, 21, 24; 25, 26' or 



2:5 



4t* ' * 



C ; : u r i i'.. x 6 ci 1' > X & * l - ; 9 * ; - i 



f ■ 

'-■ * . 



rrcri 



■ j ...... * 



i-;,.::f t:y ^nd n. ^^^cnd r$g;^ cn' ! vb-.o^ 



<x.:hoc or j ahibit : ; 



v.:.*!^ino ':,:crtt active t^>rae& -v 
• \ r,i j w>nuc:i«i:otide to SO ^cieotides in lenqth ^bkh i:< 
> : :v s-.x t:o ^RNA encoding hum* raf a*nd which is ckp&.bl** 



,1 ) A .[ ' .: \ , > . A * V J ,i. i* *». J- — ' *•* v -1 t 



73 Tbe method of: ol?im therein said oa icjenuoi ^ct ■ " : c 
t: arreted to *>ENA ^coding human A raf , 



4* ? 



Tha fietbod of claim 22 therein, said oli gov,-cl^oc^ de 



is- ^arr^e^ed to snRNA encoding hvrcaLn c-raf . 



;h-: -'Tiethod oi c/J.aiw 34 wherein s&.vJ. ol'?gonuelc.ot.u^ 
\3 carjsted to a translation initiation site, 3 
15 rwqion or S f unr.ra: : miafced region of mRN& encoding hu^ar* r 



2*; The method of claim 25 wherein said oligonucleotide 
comprises SEQ ID NO:. 2, g, 9/ 12, 17 f 20, 21, 22, ?3 , 24- 25:. 

or . . "' ' ' ; 



The method oi cleim 22 wherein said ex$v&*sU:~\^oi 



hutnan raf is? abi^ormal expression 



The method ot wherein aaici oligonucleotide 

is a chimeric oligonucleotide . 



•v »• 



3S. The -method of oJ-im 
oligonucleotide comprises SEQ-v'I^ MO. 



wherein said 



•**5 ^ 



30. The method of clair. 22 wherein said cuigon-jo'i ^ov id^ 
baa at least oiae phosphorothi- 1 linkage 



^'L iC/vi ^Q r.; shut's — i/.:< wni".* :s;^ ■?:*■ L' ' 



■ i 



V.0 J ' 



A !i ) *? v. Uod w i *i : i i r J t' : - ! V - * P * o : z ': r a * - - o * * * 
v^ra.v i?.ir.g contacting hyper^- if-?" i ..ing cc-l\e rfit:*- :.v.^ 
.-/i..o-o»--ucleo«:ide 3 to SO nucleot-- ■. * in length v/hJ.eh xt- r»x>s t?.-y* "'• 
...» :,>.^. encoding human raf *n«3 * '■„.ch is capable o£ i^ibiv../-^ ■ 

* r 

33, The method of tfi&irc therein said cligonnoi ec-:*. ' de 
irc^Lad to rcRNA encoding human -V-raf . 



3*, The method of claim 32 therein said oiigou^cleot:.do 
The we u hod of cxaivn 3 4 whtfr&in said olioonvoleot ; dc 



:U taiqetect to a translation initiation site, 3' ^xtx^a^x- -'i-J 
re«i-:>n ox V untranslated region of mRN£ encoding human :: r<\i. 

36. The method oi claim 35 wherein said oligonucleotide 



comprises 



ox * / 



SEQ ID NO: 2, 6, 8, 12, 17. 20, 21, 22, 2?, 24, 



The metnod of claim 32 wherein s^id :^J.igc?:iucl<i:;- ; ..de.- 



a chimeric; oligemic] eat ides . 



3 8.. The method of. cl-'im 37 wherein said ciumen.c 
oliconuciectide comprises SBQ -.D HO; B, 21, 24 . 25, 2(> ox 2' 7 

c The method of claim ^2 wherein said oligonucleotide: 
^5 has ac ieasx; one phosphoroth;u :■ fcfc linkage. 

40 . A method of inhibii xng iryperproiif elation at ceils 
comprising contacting Ir^cr prolif ^ratirig cells */i t*'j au 



V 



, iT;t;.-; -iu i.'.'-icr-.'S..!. prof ^ .C \ : . 

vat: ctuc- vhiU\ i* repair la rf i^L Vitmg expret sio?» . 

The method of claim -1 wherein "he coudi tion # J 
)■■ y*>* rpr< 5 f % rat ive disorder . 

<?,3 . The method of claim 4>- wherein the hyparpvoilf kv^'..'. 
vlxBrra^s .:• 5? cancer, restencsir. psoriasis or disorder 
rh&raos sri^wd bv T-*celI activation and growth. 



Tne method of ci=.ir-' **; ^h^rsin said oiigonuciwotj-o.? 
j =j targeted to vnRNA encoding human A-raf 



The method of claim -11 wherein said bligouucl^o* ^ 
ia targeted to mRNA encoding human c-raf 

46. The method of claim 45 wherein said oligonucleotide 
is targeted to the 3' untranslated region or the 3' tintranslated 
reqion r-f mRNA encoding human c-raf- 



•0 f . The method of claim 45 wherein said o'i.igoruc- (*o\- o.e 
20 comprise* SEO T -D NO : 2. G, 8, 12- 17, 20, 21.. 22- 23 24 , ^JL-, 
/6 or / "> . 

The method of clai** '*! wherein said oligoniAci^.ot:! de 
xb s chimeric oligonucleotide 

49 : The method of o; ;am 4ft wherein said chimeric 
oligonucleotide comprises SEQ ID HO: 8, 21, 2*\ , 25, J?,f or 27. 

50. The method of clair 4** vhereir maid ol igonurl^o^idv- 
ba:: at lear?-*. one ^hos^ih-^rotV .» .-^Cf linhaa&. 



pro! A to.* iv^* 



method of «•■*' - 

jp r 1 i> a. co n a c: i; i no 



V 



yj: said suhj^c^ 
^ondizion vrith an 



t> i.l (>.' ! V;.: f & 

1. ■ 

^oec^ed of Aiav 




X. 




.-J-' n ' .' 



1( .< j^.lTt > 




SUBSTITUTE SHEET (RULE 




SUBSTITUTE SHEET (RULE 26) 



■* 't t.. 



- r f ■ 



.1 '» 1 ^ 



■lip ■ ^Ji 



" W.S4» J I_" 1 

^S4 



. J. * v , 

. 1 '* V T, 



< -1 



! 4 C 



3 



\ 



» ■». 

f V * 


r t • 


t 

i v c 























,^0, A. 34/23755 (BOARD OF REGENTS Of VH!Hp"6; 
.u.v;V£Rr".m' OF N58RASKA1 21 October 1334, see entire \ 



<«5 



I 



4 ^ 



ri- 3w' } .A*-t.«». , Lif'rt.'?'^«a«* ! 



i 



j Fac aimtlc No. (703) 305-3230 



■diit sod Bin « cwifUct whb ^r* ap«'K-:vsi>.>*» L * \\ ~<t <o a . ' i 



c*xtA -v« riiii -Jtta ff'4ic t^Vi.-' tt-cw. A'.iS' ^ ^ -* a: 
icr^ v :^. J <"i • - ' ;i«'-v>i A^^l ' 



f ! 



i 

i 



-y 



v 1 



-• * 



ni- — J* 



is 



("J 



"caw* i- 



-■If/' 



4- if 1 A,- v 



- t 
i .J, ''Tre M»i*.ge?>k Response V m-inte&iv-*^ Ltf-iiu^*-- 



* 

v V 



i t 



i. x! 



^ ■ f nil 



t 'V 



s 



... ^. _ - 4 - ,.- ■> £•, *-*.:■» 




S C^jipleie Coding; ?equer a c& oijht Hurr^ :; Ontogeny 
i T^n^Sc^Tnr Activity of a. Hussar? . A-r-xr Ar^/i^i 



'1 V 



4 

i&^^k^^ pmp?- y^-iiO, jee pape^-i 77475, -;8*-.»?X iS6- 



i. 



■•ft 



l^fjtf..^ Vj-J„f , a, '5 Si^n ^-T'' C Jl v-' 



1-ofm 



iPCT/IS A/210 (conib\oiiion o. T aoco(uS »fcr.w*)(.lMJy y9 r ^Jf 




r 



;N .*.T£RN4T;0N AL SEaRCR REPORT 



C rcoi^utsion). DOCUMENTS CONSIDERED TO BE RELEVANT 



int&niAtionul appLicacio^ N- 
PCTAJSV.WMU 



Category* 



: y 



™ - ' ' 

Citato, of document, with indic*twn. where ipprepriuc. of bic relevuil pus**" 



j CROOKE ET AL,, 'Antisense Research a/i ^npi^aions, 
{published 1993 by CRC Press (Boca Rator \, ?dge J " 
13-16. 



sf^ pages 



Relevant to cUim No. 



Form PCT/ISA/210 (continuation of aecood ahedXJuly 1992)* 



i 



„.j 



■WTLRNAT10NAL SEARCH REPORT 



r j 



* Interna: r.*.A£: a;.--->tiCHfCi: f <* 
1 

j PCT/U«95/071U 
i 



j 3. Fir LDS SEARCHED 

j ttaromc data b«cj ccr.suiccd iN*.ne of teie ind wnsrc practicable urni* •iteo) 

' AriM-*l /b,umctf A*S. 6ICS1S, D *™< Biotechnology .sbrtficto, to! AMficta. C*ne*r l.toitui* 

j D«Um Drug FUe, EMBASE. GENPAN'K, Life Science CoUeciion. Dcr^ Wo, W 

! s «:r.h ie-™ r»r A-rtf. e :if. C-rtf. r*M s protein kinue, cugon-Jclu^W*. ^tisen*, -afice.-. prol;f«ucv:. 

I inhitfcian. inscription, translation, expression, Monia, Brett P., Bo^g*. Ru««U T. 

j sequence th»* bttts seticho* EST, GEN BANK 89. CENSANK-NEW6. U-6MBL.a9. 6MBU1EVS 

; sequence (B» st*./sfefii*: 2, tf. * 2, 17, 20-27, 29, 37, and 40 



Form PCT/13A/210 (worn sheet){ju!y 1992)* 



